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SIR. ISAAC: NEWTON'S PRINCIPLES. 


CHAP. XXIl. 


_ A DESCRIPTION OF THE ASTRONOMICAL MACHIN- 
ERY SERVING TO EXPLAIN AND ILLUSTRATE THE 
‘ FOREGOING PART OF THIS TREATISE. 


397. Lu: Orrery. This machine shews the crap. 
motions of thé Sun, Mercury, Venus, Earth, Xxm. 
and Moon; and occasionally, the superior plan: ey 
ets, Mars, j upiter, and Saturn, may be put on ; The orre- 
Jupiter’s four satellites are moved round him ney: 
their proper times by a small winch ; and Saturn 
has his five. satellites, and his ring ‘which keeps 
its parallelism round the Sun; ; and by a lamp 
putin the Sun’s place, the ting shews all the 
phases described in the 204" article. 

Inthe centre, N°. 1, represents the Sun, sup The sun. 
ported by its axis inclining almost 8 deprees from 
the axis of the ecliptic; and turning round in 
255 days. on its. axis, of which the north polein- 
. clines toward the 8" degree of' pisces in the great 
ecliptic, (N°. 11), whereon the months and days The eclip- 
are engraven over the signs and degrees in which“ 
the Sun appears, as seen from the Barth, on the 
different’ days of the’ year. 

Fol. I, A 


CHAP, 
AXIL. 


Mercury. 


Venus, 


The Earth. 


g The Orrery described. ; 
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The nearest planet (N°. 2), to the Sun is Mer- 
cury, which goes round him in 87 days 23 hours, 
or 8724. diurnal rotations of the Earth ; but has 
no motion round its axis in the machine, because 
the time of its diurnal motion.in the heavens is 
not known to us. | 

The next planet in order is Venus, (N°. 3), 
which performs her ‘annual course'in 224° days 
17 hours; and turns round her axis in 24 days | 
8 hours, or in 244 diurnal rotations of the Earth. 
Her axis inclines 75 degrees from the axis of the 
ecliptic, and her north pole inclines towards the - 
20" degree of aquarius, according to the observ- 
ations of Bianchini. She shews all the pheno- 
mena described from the 30" to the 44 article 
in chap. I. : 7 | 

Next without the orbit of Venus is the Earth, 
(N°. 4), which turns round its axis, to any fixed 
point at a great distance, in 23 hours 56 minutes 
4 seconds, of mean solar time, (§ 221, & seq.) 
but from the Sun to the Sun again, in 24 hours 
of the, same time ~ N°. 6, is a sydereal. dial- 
plate under the Earth; and N°..7, a solar dial- 
plate on the cover of the machine. The index 
of the former shews sydereal, and of the latter, 
solar time; and hence, the former index gains 


‘one entire revolution on the latter every year, as 


365 solar or natural days contain 366 sydereal 
days, or apparent revolutions of the stars. In the - 
time that the Earth makes 365= diurnal rotations 
on its axis, it goes once round the Sun in the 
plane of the ecliptic; and always keeps opposite 
to # moving index, (N° 10), which shews the 
Sun’s apparent daily change of place, and also 


_ the days of the months. 


_ The Earth is half covered with a black Caps. 
for dividing the apparently enlightened half next 
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the Sun from the other half, which, when turn- CHAP. 
éd away from him, is in the “ait The edge of eas 
the cap represents the circle bounding light and The orrery 
darkness, and shews at what time the Sun rises {°™°", , 
and sets to ail places throughout the year. “The change of 
Farth’s axis inclines 23; degrees from the axis**°"* 
of the ecliptic, the north pole inclines toward the 
beginning of cancer, and keeps its parallelism 
throughout its annual course, § 48, 202 ; so thag 
in summer the northern parts of the Earth in- 
cline towards the Sun, and in winter from him: 
by which means, the different lengths of days and 
nights, and the cause of the various seasons, are 
demonstrated to sight. As 

There is a broad horizon, to the upper side of and shews 
which is fixed a meridian semicircle in the north a 
and south points, graduated ‘on both sides from twilight, 
the horizon to 90° in the zenith, or vertical point. eet pa 
The edge of the horizon is oraduated from the &«, 
east and west to the south and north points, and 
within these divisions are the points of the com- 
pass. - From the lower’ side of this thin horizon- 
plate stand out four small wires, to which is fix- 
ed a twilight circle 18 degrees from the graduat- 
ed side of the horizon all round. This horizon 
may be put upon the Earth (when the cap is tak- 
en away) and rectified to the latitude of any 
place : and then, by a small wire called the solar 
ray, which may be put on so as to proceed di- 
rectly from the Sun’s centre towards the Earth’s, 
but to come no farther than almost to touch the 
horizon. The beginning of twilight, time of 
sun-rising, with his amplitude, meridian altitude, 
time of setting, amplitude then, and end of twi- 
light, are shewn for every day of the year, at that, 
place té which the horizon is rectified. 


, OA ae A2 
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cHAr. The Moon (N°. 5),.goes round the Earth, 
**I- from between it and any fixed point at a great 
The Moon. distance, In 27 days 7 hours 43 minutes, or 
through all the signs and degrees of her orbit ; 
which is called her periodical revolution ; but 
she goes round from the Sun to the Sun again, 
or from change to change, in 29 days 12 hours 
45 minutes, which is her. synodical revolution ; 
and in that time she exhibits all the phases al- 
ready- described, § 255,. 

The orrery When the above-mentioned horizon is rectifi- 
Ds ed to the latitude of any given place, the times of 
cha pee the Moon’ s rising and setting, together with her 
~*"" amplitude, are shewn to that place as well as the 
Sun’s; and all the various phenomena of the har- 
vest moon, § 273, & seg. are made obvious to 

sight. a ) ; 
angherla- _2¢ Moon’s orbit (N°. 9), is inclined to the 
titude and ecliptic, (N°. 11), one half being above, and the 
stare. other below it. The nodes, or points at O and 0, 
nodes; lie nthe plane of the ecliptic, as described § 
317, 318, and shift backward through all its 
signs and degrees, in 183 years. ‘The degrees of 
the Moon’s latitude, to the highest at VZ, north 
latitude, and lowest at § Z, south latitude, are 
-engraven both ways from her nodes at O and 0; 
and, as the Moon rises and falls in her orbit ac- 
cording to its inclination, her latitude and distance 
from her nodes are shewn for every day; hav- 
ing first rectified her orbit se as to set the nodes 
to their proper places in the ecliptic; and then, 
as they come about at different, and almost op- 
' posite times of the year, 4 319, and point twice 
towards the sun, all the eclipses may be shewn 
for hundreds of years, (without any, new rectifi- 
cation), by turning the machinery backward for 
time past, or forward for time to come. At 17 


The Orrery described. as 


degrees distance from each node, on both sides, crap. 
is engraved a small sun, and at 12 degrees dis- **!. 
tance, a small moon; which shew the limits of tee 
solar and lunar eclipses, §'317: and when, at quently the 
any change, the Moon falls between either of (ines 
these suns and the node, the Sun will be eclipsed and Meoz. 
on the day pointed to by the annual index (N°. 

10), and, as the Moon has then north or south 
latitude, one may easily judge whether that 

eclipse will be visible in the northern or southern 
hemisphere; especially as the Earth’s axis in- 

clines toward the Sun, or from him at that time. 

And when, at any full, the Moon falls between 

either of the-little moons and node; she will be 
‘eclipsed, and the annual index shews the day of 

that eclipse. There is a circle of 292 equal 

parts (N°. 8), on the cover of the machine, on 

which an index shews the days of the Moon’s 

age. 

A semi-ellipsis and semi-circle are fixed to an The orrery 

elliptical ring, which being put like a cap upon ‘ews the 
the Earth, and the forked part # upon the Moon, ®ra‘re 1x, 
shews the tides as the Earth turns round within" © 
them, and they are led round it by the Moon. 
When the different places come to the semi- 
ellipsis 4a Eb B, they have tides ‘of flood ; and 
when they come to the semicircle CE D, they 
have tides of ebb, § 304, 305 ; the index on the 
hour-circle (N°. 7) shewing the times? of these 
phenomena:: . 

There is a’ jointed Wwirey of which one’ end bez and.also the 

ing put into:a hole-in the upright stem that holds cepts 
the Earth’s cap, and the wire laid into a’ small mouons of 
forked piece: which may be occasionally put upon nie 6 
‘Venus or Mercury, | shews the direct and: retro- 
grade motions of these a planets, with thetr, 

y : 3° j e 


‘6 . The Orrery described. 


cHaP. stationary times andl Places, as seen’ ‘from: a 
aes Dares 

The whole machinery is turned ts a aes or 
handle, (N®*..12), and isso easily moved, that a 
clock might turn it without any icky of ia ase 
ping. 

To give a plate of the wheel-work of | thi ma- 
chine, would answer no purpose, because many 
of the wheels lie so behind others, as to hide then 
from sight j in any view whatsoever. : 


Another 398. Another Orrery. In this sabia Whith 
orrery, for + ba ? 
chewing thelS the simplest I ever saw,. for shewing the diur- 


motions of nal and annual motions of the Earth, together 

and Moon. With the motion of the ‘Moon and her nodes, 4 
and B are two oblong square plates held together 
by four upright pillars ; of which three’ appear 

Prats Viat fy g, and g 2. Under the plate / is.an end- 

BST less screw on he axis of the handle h, which 
works in’a wheel fixed on the same axis with the 
double-grooved wheel # ; and on the top of this 
axis is fixed the toothed wheel 7, which turns 
round the pinion 4, on the top of whose axis is 
the pinion 4 2, which turns another pinion 0 2, and 
this turns a third, on the axis a2,, on which is 
‘the Earth U turning round ; this last axis inclin- 
ing 23+ degrees. ‘The supporter 42, in which 
the axis of the Earth turns, is fastened to the. 
moveable plate C. » 

In the immoveable plate B, beyond Hi Is fisted 
the strong wire d, on which hangs the Sun J; so 
as it may turn round the wire. To this Sun is fix- 
ed the wire or solar ray Z, which (as the Earth 
U turns round its axis) points to all the places 
that the Sun passes vertically over; every day of 
the year. The Earth is half covered with a black 
cap a, as in the former orrery, si dividing the 
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day from the night; and,.as the different places crap. 
come out from below the ‘edge of the cap, or go *XIl 
in below it, they shew the times of sun, rising and 
setting every day of the year. This cap is fixed 

on the wire 4, which has.a forked piece C'turn- 

ing round the wire d: and, as the Earth goes 
round the Sun, it carries the cap, wire, and solar 

ray round him; so that the solar ray constantly 

points towards the Earth’s centre. | 

On the axis of the pinion 4 is the pinion My 
which turns'a wheel on the cock or supporter 7, 
and on the axis of this wheel nearest n is a pinion 
(hid from view) under the plate C, which pinion 
turns a wheel. that. carries the Moon FV round 
the Earth U;.the Moon’s axis rising and falling 
in the socket. 4’, which is fixed to the triangular 
piece above Z.; and this piece is fixed to the top 
of the axis, ‘of the last-mentioned wheel. The 
socket W is slit on the outermost side; and in 
this slit the two pins near Y, fixed in the Moon’s 
axis, move up and down; one. of them, being 
above the inclined plane Y_X, and the other be- 
low it. By thismechanism, the Moon V moves 
round the, Earth 7’ in the inclined orbit g, paral- 
lel'to the plane of the rmg YX; of which the 
descending node is at X, and the ascending node 
opposite to it, but hid by the supporter X 2. 

The small wheel £ turns the large wheels D 
and F, of equal diameters, by cat-gut strings 
crossing between, them. and the axis, of these 
two wheels are cranked at G and H, above the 
plate B. , The upright stems of these cranks go- 
ing through the plate C, carry it over and over 
the fixed plate B, with a motion which carries 
the Earth U round the Sun T, keeping the 
Earth’s axis always parallel to itself ; or still in- 
clining towards the left hand of the plate; and 
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CHAP: shewing the vicissitudes of seasons; ‘as’ described 
in the tenth chapter. As the Earth: goes round 
the Sun, the pinion 4 goes round the wheel 7’; 
for the axis of £ never touches the fixed plate By 
but turns on a wire fixed into the plate C. : 

On the top of the crank Gis an _ index £, 
which goes round the circle m 2 in the time that | 
the Earth goes round the Sun, and points to thé 
days of the months; which, together with the 
names of the seasons, are eiirheddl in this cifcle. 

This index has a small grooved wheel L fixed 
upon it, round which, and the plate 'Z, goes'/a 
cat-gut string crossing between them; and by 
this means the Moon’s inclined plane: ¥ AX, with 
its nodes, is turned backward, for: shewing the 
times and returns-of eclipses, g 819; 320; 

The following parts ‘of this machine must’ be 
considered as distinct si those already deseribs 
a4 bie 
Towards thle eine hand, let ‘Se the arth 

hung on the wire e, which is fixed into the plate 
B; ‘and let O be the Moon fixed on the axis M, - 
and turning round within the cap Pj m._ which, 
and inthe plate C, the crooked wire’ Q'is fixed. 
On the axis A/ is also fixed the index K, which 
goes round a circle h 2, divided into 292: equal 
parts, which are the days of the Moon’s age? 
but, to avoid confusion in the scheme, it is only 
marked with the numeral figures 1 234, for 
the quarters. As the crank H carries this Moon 
round the Earth § in the orbit t, she shews’ all 
her peers by means of the cap P for the differ- 

“ent days of her age, which are shewn by the ine 

dex np this index, turning just as the Moon OQ 
does, demonstrates her turning round her axis, 
as she still keeps the same side towards the Earth 

S, § 262. 
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Atithe other end of) the, plate C, a° Moon: CBay- 
goes round an Earth Rin'the otbit p:' ‘But this ~ ic K 
‘Moon’s' axis is stuck fast into-the plate C at $2, : 
‘$0’ that neither Moon nor axis can turn round; 
and, as this*Moon goes round her Earth,” shie 
shews herself all round toit ; which proves, that 
if the Moon ‘was seen all opt from the Earth 
‘in a lunation, she could not’turn ‘round ‘her’axis. 

N. B. If there were only the two wheels D 
and, with a cat-gut string over them, but not. 
crossing between them, the axis of the Earth U" > 
would keep its parallelism ‘round the Sun 7; and 
shew all the ‘seasons, asl sometimes make these ‘ 
machines : ‘and the Moon O would go round the 
Earth S, shewing her phases as above ; as like- 
wise would the Moon Nround the Earth R; | 
but then, neither could the diurnal motion of the 
Earth U on its axis be shewn, nor the motion of 
‘the Moon round the sderigin 


399. Hi the year 1746, I contrived a very sim- nthe Coles 
‘ple machine,: and described its performance in q ltor. 
‘small treatise upon the phenomena of the harvest 

moon, published in the year 1747. L improved 

it soon after, by adding another wheel, and called 

it the Calculator. It may be easily made by any 
gentleman who has a mechanical genius. 

‘The great flat rmg supported by twelve pillars, p.. vin, 
‘and on which the twelve signs, with their respec. Fig: |. 
‘tive degrees, aré laid down, i is the ecliptic ; near- 

‘ly in-the centre of it is the Sun’S, supported by 
_ the strong crooked wire /; and from the Sun 
‘proceeds a wire W, called the Solar Ray, point- 
‘ing towards the’ centre of the Earth £, which is 
furnished ‘with a moveable horizon H, together 
with a brazen meridian, and quadrant of altitude. 
Ris a small ecliptic, whose plane coincides with 


CHAP. 


XXII. 


* 
HO. The Calculator described. 


that of ‘the great one, and has the like signs’ and 
degrees marked uponit. It is; supported. by 
two wires D and D, which are put into,the plate 
PP, but may be taken off at pleasure. As the 
Earth goes round the Sun, the signs of this small 
scircle keep parallel to themselves, and to those 
“of the great ecliptic..: When it 1s taken off, and 
the solar ray W drawn farther out, so as almost 
‘to touch the horizon H, or the quadrant of alti- 


The calcu. tude, the horizon: being -rectified to any, given 
lator shews Jatitude, and the Earth turned round ‘its. axis by 


the Sun’s 
altitude, 
@zimuth, 


amplitude, 


rising and 
setting. 


hand, the point of the wire W shews the Sun’s 
declination in passing lover the graduated brass 
‘meridian, and his height at any given:time-upon 
the quadrant of ,altitude, together, with his, azi- 
muth, or point.of bearing upon the horizon: at 
that-time; and likewise his amplitude, and time 
of rising and setting by the hour index, for any 
day of the year that the annual index, U points to 
in the circle of months below the Sun. Misa 
solar index, or pointer, supported by the wire Z 
which is fixed into the knob K : the,use. of this 
index is to shew the Sun’s place in the ecliptic 
every day in the year; for it goes over the signs 
and degrees as the index U goes over the months 
and days ; or rather, as they pass under the index 
U, in moving the cover-plate with the Earth and 
its furniture round the Sun; for the index U is 
fixed tight on the immoveable axis in the centre 
of the machine, XK is a knob or handle for moy- 
‘ing the Earth round the Sun, and the Moon 
round the Earth. 


andalsothe As the Earth is carried round the Sun, its axis 


ecasons, 


constantly keeps the same oblique direction, or is 
parallel to itself, § 48, 202, shewing thereby the 
different lengths of days and nights at different 
times of the year, with all the various seasons. 
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And, in one annual revolution of the Earth; the pap. 
Moon M goes 124 times round it from’change *%'l. 
to change, having an occasional: provision for 73s ihe 
shewing her: different: phases. The lower end Moon’s 
of the: Moon’s\.axis bears by a small friction?" 
wheel upon the inclined plane 7, which causes 

the Moon to ‘rise-above, and sink below the 
ecliptic & inevery lunation ; crossing it in her 
nodes, which shift-backward. through’ all: the 

signs and degrees of the said ecliptic, by the re- 
trograde motion of the: inclined ‘plane 7, in'\-18 

years and 225 days.) On this plane, the degrees 

and parts of the, Moon/’s north and south latitude 

are laid down’ from both. the nodes, one of 
which, viz. the descending~ node, appears at 0, 

by DN above B; the other! node being hid 

from sight.on this plane by the plate PP; andand the 
from both nodes, at-proper distances, as in the es 
other orrery, thelimits of eclipses are marked, #34 Moon. 
and all the solar and lunar eclipses are shewn in 

the same manner, for any given year within the 

limits of 6000, either before or after the Christian 

era. On the plate that covers the wheel-work, 
under the Sun S$, and round the knob K, are 
astronomical tables, by which the machine may 

be rectified to the beginning of any given year 
within these limits, in three or four minutes of 

time; and when once set right, may be turned 
backward for 300 years past, or forward for as 
many to come, without requiring any new recti- 
fication.» ‘There is a method for its'adding up 

the 29" of February every fourth year, and al- 
lowing only 28 days to that month for every 

, other three: but all this, being’ performed by a 
particular manner of cutting the teeth of the 
wheels, and dividing the month circle, too long 

and intricate to be described here, I shall only 
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CUAP. allow how these motions may be performed near | 

XXIL enough for common use, by wheels with grooves — 
and cat-gut strings round them ; only here I must 
put the operator in mind, that the grooves are to 
be made sharp (not round) bottomed, to keep 
the strings from. slipping. 

The Moon’s axis moves up and : down! in the 
socket N fixed into the bar O, (which carries her 
round the Earth), as she rises above,’ or sinks 
below the ecliptic; and immediately below the 
inclined plane 7; is a flat circular plate, (between 
Yand T), on whith the different eccentricities 
of the Moon’s orbit are laid down’: and likewise © 
her mean anomaly and ‘elliptic equation, by 
which her true place may be very nearly found 
at any time. ‘Below this’ apogee plate, which 
shews the anomaly, &c. is'a circle Y divided into. 
29+ equal parts, which are the days of the 

pt. Vill, ~Moon’s age; and the forked end’ of the index 
ng: 2... 4B, (Fig. 2), may be put into the apogeé part 
ator shews of this plate ; there being just such another index 
he motion ut into the inclined plane J’ at the ascending 
Moon's node; and then the curved points B of these in- 
sede hee deed shew the direct! motion of the apogee, and 
ainiaee retrograde motion of the nodes through the 
ee ecliptic A, with their places in it at any given 
time. As the Moon M goes round the Earth 2, 
she shews her place every day in the ecliptic R, 
and the lower end of her axis shews her latitude 
and distance from her node on the inclined plane | 
T, also her distance from her apogee and peri- 
_ gee, together with her mean anomaly, the then 
eccentricity of her orbit, and her elliptic equa- 
tion, all on the apogee plate, and the day of her , 
age m the circle Y of 29+ equal parts, for every 
day of the year pointed out by the annual index 
U in the circle of months, 
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_ Having rectified the machine by the tables for citar. 
the beginning of any year, move the Earth and **!"- 
Moon forward by the knob A, until the annual .na ner dee: 
index comes to any given day of the month, then <lination, 
stop, and not only all the above phenomena may mL eath; 
be shewn for that day, but also, by turning the & 
Earth round its axis, the declination, azimuth, 
amplitude, altitude of the Moon at any hour, 
and the times of her rising and setting, are shewn | 
by the horizon, quadrant of altitude, and hour- 
index. And in moving the Earth round the 
Sun, the days of all the new and full moons, and 
eclipses in any given year, areshewn. ‘The phe- 
nomena of the harvest-moon, and those of the 
tides, by such a cap as that in Plate IX, Fig. 10, 
put upon the Earth and Moon, together with the 
solution of many problems not here related, are 
made conspicuous. : , 

The easiest, though not the best way, that I Method ef 
can instruct any mechanical person to make the Sopstruct- 


i j ing the cals. 
wheel-work of such a machine, is as follows : culator. 


which is the way that I made it, before I thought 
of numbers exact enough to make it worth the 
trouble of cutting teeth in the wheels. 

Fig. 3° of Plate VIII, is a section of this ma- Pr. VIN, 
chine ; in which 4BCD isa frame of wood held Pig: 3: 
together by four pillars at the corners, whereof 
two appear at {Cand BD. In the lower plate 
C PD of this frame, are three small friction wheels, 
at equal distances from each other; two of them 
appearing ate and e. As the frame is moved 
round, these wheels run upon the fixed. bottom 
plate & £, which supports the whole-work. 

In the centre of this last-mentioned: plate, is 
fixed the upright axis GF'Ff, and on the same 
axis is fixed, the wheel AWHA, in which are four 
grooves, J, X, 4, L, of, different diameters, In. 
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cHap. these grooves are ee strings going also round 


. XXII. 


the separate wheels JZ, NV, O, and P. 
The wheel MM is fixed on’ 4 solid spindle or 


axis, the lower pivot of which turns at R in the 


under plate of the. moveable frame. ABCD: 
and on the upper end of this axis is fixed the 
plate oo (which is P P,. under the Earth, in Fig. 
1), and to this plate is fixed, at an angle Br a3— 
degrees inclination, the dial-plate below the Earth 
7; on the axis of which, the index g is turned 
round by the Earth. This axis, together with — 
the wheel M, and plate o 0, keep their parallelism 
in going round the Sun S. 

On the axis of the wheel Mis a moveable 
socket, on which the small wheel WV is fixed, and 
on the upper end of this socket is put on tight, 
(but so as it may be occasionally turned by hand), 
the bar Z.Z, (viz. the bar Oin fig. 1), which 
carries. the Vioon m round the Earth 7’, by the 
socket », fixed into.the bar. As the Moon goes 
round the Earth, her axis rises and falls in the 
socket n ; because, on the lower end of her‘axis, 
whichis turned inward, there is a small friction 
wheel s running on the inclined plane X, (which 
is T’in Fig. 1), and so causes the Moon alter- 
nately to rise above, and sink below the little 
ecliptic VV, (A in Fig. 1), in every lunation. ~ 

On the'socket or hollow axis of the wheel Ny 
there is another socket, on which the wheel O is 
fixed ; and the Moon’s inclined plane Y is put 
tightly on the upper end of this socket, not on a 
square, but an around, that it may be occasion- 
ally set by hand without wrenching the wheel or 
axle. 

Lastly, on the hollow axis of the wheel O. is 
another socket, on which is fixed the wheel P, 
and on the upper end of sini socket is put on 


3 
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tightly the apogee plate Y, (that immediately be- crap. 
low 7 ii Fig. 1). All these axles turn'in the *X!. _ 
upper plate of the moveable frame at Q; which ~~ 
plate is covered with the thin plate cc, (screwed - 
to it) whereon are the fore-mentioned tables and 
month circle in Figs 6 8e> 47) ve 

‘The middle. part of the thick fixed wheel 
HAH, is much broader than‘ the rest. of it, and 
comes out between the wheels MZ and O almost’ 
to the wheel NV. ‘To adjust the diameters of the’ 
grooves of this fixed wheel to the grooves of the 
separate wheels M7, N, O,and P, so that they may 
perform their motions in the proper times, the 
following method must be observed. ; 

The groove of the wheel M/, which keeps the Method of 
parallelism of the Earth’s axis, must be precisely 3°s278 _ 
of the same diameter as the lower groove J of the ters of the 
fixed wheel HH H; but, when this groove is so™*** 
well adjusted as to shew, that in ever so many 
annual revolutions of the Earth, its axis kéeps its 
parallelism, as maybe observed by the solar ray 
W, (Fig. 1), always coming precisely to the same 
degree of the small ecliptic # at the end of every 
annual revolution, when the index MM points to 
the like degree in the great ecliptic ; then, with 
the edge of a thin file, give the groove of the 
_ wheel Ma small rub all round, and, by that 
means lessening the diameter of the groove, per- 
haps about the 20" part of ‘a hair’s breadth, it 
will cause the Earth to:shew the precession of the 
‘equinoxes ; which, in many annual revolutions, 
will begin to be sensible, as the Earth’s axis de- 
viates slowly from its parallelism, § 246, towards’ 
the antecedent signs of the ecliptic. 

The diameter of the groove of the wheel N, ° 
which carries the Moon round the Earth, must 
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cap. be to the diameter of the groove X, as a luna» 
XXI-. tion. is to a year ;. that is, as 29% to 3657. ' 
“sw _ The diameter of the grooye of the wheel O, 
which turns the inclined plane X with the Moon’s_ 
nodes backward, must be to the diameter of the. 
groove k, as 20 to 1832%.. Andy. « 
Lastly, the diameter of the groove of the 
wheel P, which carries the Moon’s apogee for- 
ward, must be to the diameter of the groove L, 
as 70 to 62. | ‘sebaail < 
But, after all this nice adjustment of the 
grooves to the proportional times of their re- 
spective wheels turning round, and which seems 
to promise very well in theory, there will still be 
found a necessity of a farther adjustment by 
hand; because proper allowance must be made 
for the diameters of the cat-gut strings ; and the 
grooves must be so adjusted by hand, as, that in. 
the time the Earth is moved once round the Sun, 
the Moon must perform 12 synodical revolutions 
round the Earth, and be almost 11 days old in 
her 13™ revolution. The inclined plane,, with’ — 
its nodes, must go once round backward:through 
all the signs and degrees of the small ecliptic in 
18 annual revolutions of the Earth, and 225 
days over. And the apogee plate must go,once 
round forward, so that its index may go over all. 
the signs and degrees of, the small ecliptic in 
eight years, (or so many annual revolutions of the. 
Earth), and 312 days over. eine 
N. B. The string which goes round the, 
grooves X and JV for the Moon’s motion, must, 
cross between these wheels; but all the rest of. 
the strings go in their respective grooves, JM, 
& QO, and L P, without crossing, can 
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400. The comeTARium. ‘This curious’ ma- CHAP. 
éhine shews the motion of a comet or eccentric Rigs 
body moving round the Sun, describing equal Tie come. 
areas in equal times, § 152, and mdy be so con-t#7"™- 
trived as to shew such.a motion for any- degree 
of eccentricity. It was invented by the late Dr. 
Desaguliers. 

The dark elliptical groove round the letters Prats IV, 
abcdefghikim is the orbit of the comet Y: "8 * 
this comet is carried round in the groove, accord- 
ing to the order of letters, by the wire /V fixed in 
the sun §, and slides on the wire as it approaches 
nearer to or recedes farther from the Sun, being 
nearest of all in the perihelion a, and farthest in 
the aphelion g. The areas aSl, bSc, cSd, &c. 
or contents of these several triangles, are all equal; 
and in every turn of the winch AN the comet Y is 
carried over one of these areas: consequently in 
as much time as it moves from fto g, or from 
g to h, it moves from m to a, or from ato b; 
and so of the rest, being quickest of all at a, and 
slowest at g. Thus, the comet’s velocity in its 
orbit continually decreases from the perihelion a 
to the aphelion g ; and increases in the same pro- 
portion from g to a. ) 

The elliptic orbit is divided into 12 equal parts 
or signs, with their respective degrees, and so is 
the circle 20 pqrstn, which represents a great 
circle in the heavens, and to which the comet’s 
motion is referred by a small knob! on the point 
of the wire #”. Whilst the coniet moves from 
f to g in its orbit, it appears to move only about 
five degrees in: this circle, as is: shewn by the 
small’ knob on the end of the wire /V; but in the 
like time, as the comet moves from m to a, or 
from a to b, it appears to describe the large 
space tn or no in the heavens, either of which 

Fel. Il. | 
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CHAP, spaces contains 120 degrees, or oe signs. Were 

xxi,” the eccentricity of its orbit ‘greater, the greater 

—y——/ still would be the difference’ of its Motion, and, 
vice versa. 

ABCDEFGHIK LMA is a eens orbit for 
shewing the equal motion of a body round the 
Sun. S$, describing equal areas _4$B, BSC, &c. in 
equal times with those of the body Y in its ellip- 
tical orbit above mentioned ; but with this differ- 
ence, that the circular paca describes the equal 
arcs .4B, BC, &c. in the same equal. times that 
the elliptical motion describes the anequal:.< arcs 
Obs B C5: BGC. 

: Now, suppose the two bodies Yand 1 to start 
from the points a and 4 at the same moment of, . 
time, and each having gone round its respective 
orbit, to arrive at these points again at the same 
instant, the body .Y will be forwarder-in its orbit 
than the body 1.all the way from ato g, and 
from 4 to.G ;-but.1 will be forwarder than Y 
through all the other half of the orbit ; ; and the 
difference i ig equal to the equation of the body Y 
in its orbit. At the points a, 4, and g, G, that 
is, in. the perihelion. and aphelion, they will be 
equal; and then the equation vanishes. This 
shews why the equation of a body moving in an 
elliptic orbit, is added to the mean or supposed 
circular motion from: the perihelion to the aphes 
lion, and subtracted from the aphelion to the 
perihelion, in, bodies moving. round the Sun, or 
from the perigee.to the apogee, and from. the 
apogee to the perigee in the Moon’s motion 
round the Earth, according to the precepts in the. 

. 853° article ; only we are to consider, that when _ 
-ymotion is turned into time, it reverses. the titles: 
inthe table of che Moon’s inti arstist 


ry y : “ry 
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This motion is performed in the following man- CHAP. 
‘ner by the machine.. BC is a wooden bar (in, 
the box containing the wheel-work) above which Prate Iv, 
are the wheels D and E ; and below it the ellip-*"* * 
tic plates # F' and GG; each plate being fixed 
on an axis in one of its focuses, at & and K ; 
and the wheel £ is fixed on the same axis with 
the plate FF. These plates have grooves round - 
their edges precisely of equal diametei's to one 
another, and in these grooves is the cat-gut string 
& £. 8 g, crossing between the plates at h. On 
Hi, (the axis of the handle or winch Nin Fig. 
4"), is in endless screw in Fig. 5, working in 
the wheels D and £, whose number of teeth 
being each equal to the number of lines a S$, 
6S, cS, &t. in Fig. 4, they turn round 
their axes in equal times to one another, and 
to the motion of the elliptic plates. For, the 
wheels D and E having equal numbers of teeth, 
the plate #F, being fixed on the same axis with 
the wheel E, and the plate #' turning the 
equally large platé GG by‘a cat-gut string round 
them both, they must all go round: their axes in - 
as many turns of the handle WV as either of the . 
Wheels his teeth: “ve ee 
It is easy to sée, that the end / of the elliptical 
plate F F being farther from its axis / than the 
opposite end 7 is, must describe a circle so much 
the larger in proportion ; and miust. therefore 
move through so much more space in the same 
time ; and for that reason the end 4 moves so 
much faster than the end 7, although it goes no 
sooner round the centre &, But then, the quick- 
moving end h of the plate F’F' leads about the: 
Short end A K of the plate GG with the same 
Velocity ; and the slow moving end 7 of the plate 
FF coming half round as'to B, must then lead 
“ B2 


» 
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cuaP. the long end / of the plate.G G as slowly about: 
eT SO that the elliptical plate FF and its axis E 
move uniformly and: equally quick in every part 
of its revolution ; but the elliptical plate G G, 
together with its axis A, must move very un- 
equally in different parts of its revolution: the 
difference being always inversely as the distance 
_of any point of the circumference of GG from - 
its axis at K ; or in other words, to instance in 
two points, if the distance K 4 be four, five, or 
six times as great as the distance K A, the point h 
‘will move in that position four, five, or six times 
as fast. as the point 4 does: when the plate GG 
has gone half round: and so on.for any other 
eccentricity or difference of the distance K 4 and 
‘Kh. The tooth 7 on the plate FF falls in be- 
tween the two teeth at 4 on the plate GG, by 
which means the revolution of the latter is so ad- 
justed to that of the former that they can never 
vary from one another. ay 
On the top of the axis of the equally moving 
Fig. 4 wheel D, in Fig 5", is the sun § in Fig. 4"; 
which sun, by the wire Z fixed to it, carries the 
- ball.1 round the circle 4 BCD, &c. with an 
equable motion, according to the order of the 
letters : and.on the topof the axis K of the un- 
equally-moving ellipsis G G, in Fig. 5‘, is the 
Sun § in Fig. 4", carrying the ball Y unequal- 
ly round in the elliptical groove abed, &c. 
N.B. This elliptical. groove must. be. precisely 
equal and similar to the verge of the plate G G, 
which is also equal to. that of FF 
In this manner, machines may be made to 
shew the true motion of the Moon about the Earth, 
or of any planet about theSun; by making the 
elliptical plates of the same eccentricities in pro- 
portion to the radius, as the orbits of the planets 
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are, ‘whose motions ‘they represent 5 5; and so, their CHaP. 
different equations in different parts of their or- sor 
bits may bemade plain to sight; and clearer 

ideas of these motions and equations acquired in 

half'an hour, than could be gained from reading 

half a day about such motions and equations. 


401. The 1mpRoVED CELESTIAL GLOBE. ON The im. 
the north pole of the axis, above the hour-circle, an Soe 
is fixed an arch MK H of 23+ degrees ; and at Globe. 
the end His fixed an upright pin H G, which 
stands ‘directly over the north pole of the ecliptic, 
and perpendicular to that part of the surface of 
the globe. On this pin are two moveable collets pias: mr, 
at _D and £, to which are fixed the quadrantal *'e: 3 
wires V and O, having two little balls on their 
ends for the Sun and Moon, as in the figure. The 
collet D is fixed to the circular plate #’, whereon 
the 294 days of the Moon’s age are engraven, 
beginning just under the Sun’s wire VV; and as * 
this wire is moved round the globe, the plate F 
turns round with it, These wires are easily 
turned, if the screw G be slackened ; and when 
they are set to their proper places, the screw 
~ serves to fix them there so, that in turning the ball 
of the globe, the wires with the Sun and Moon 
go round with it ; and these two little balls rise 
and set at the same times, and on the same 
points of the horizon, for the day to which they 
are rectified, as the. Sun and Moon do the hea- 
vens. 

Because the Moon keeps not her course in the 
ecliptic (as the Sun appears to do). but has a de- 
clination of 5 degrees on each side from it 
in every lunation; 317, her ball may be screw- 
ed as many degrees to either side of the ecliptic 
as her latitude or declination from the eclipti¢ 

B 3. 


x 
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CHAP. amounts to at any given time; and for this purs 
akit pose § is a small piece of pasteboard, of which 
the curved edge at S is to be set upon: the globe 
at right angles to the ecliptic, and the dark line 
over S$ to stand upright upon it. From this line, 
on the convex edge, are drawn the 54 degrees of 
the Moon’s latitude on both sides of the’ ecliptic ; 
and when this piece Is set upright on the globe, 
its gradnated edge reaches to the Moon on the 
wire O, by which means she is easily adjusted to 
her latitude found by an ephemeris. | 
_ The horizon is supported by two semicircular 
arches, because pillars would stop the progress of 
the balls when they go below the Aorizoty 3 In an 
oblique sphere. 
Torectify To rectify this globe. Elevate the pole to the 
ed globe. latitude of the place ; ; then bring the Sun’s place ’ 
in the ecliptic for the given day to the brazen 
meridian, and set. the hour-index | to XII at noon, 
that is, to the upper XII on the hour-circle ; 
keeping the globe in that situation, slacken the 
screw G, and set the Sun directly. over his place 
on the Benda: which done, set the Moon’s 
wire under the number that expresses her age for 
that day on the plate F, and she will then stand 
over her place in the ecliptic, and shew: what con- 
stellation she is in.. Lastly, fasten the screw G, 
and. laying the curved edge of the: pasteboard § 
over the ecliptic below the Moon, adjust the 
moon to her latitude over the graduated edge of 
the pasteboard ; and the globe will be rectified. 
Method of Having thus rectified the globe turn it round, 
~ =" and observe on what points of the horizon the 
sun and moon balls rise and set, for these agree 
with the points of the compass on which the Sun 
and Moon rise and set in the heavens on the 
given day : and the hour-index shews the times of 


¥ 
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their’ rising and setting ; and likewise the time of Hap. 
the Moon’s passing over the meridian. « Bl 
' This simple apparatus shews all the varieties 
that can happen in the rising and setting of the 
Sun and Moon ; and makes the fore-mentioned 
phenomena of the harvest moon (chap. Xvi.) 
plain to the eye. It is also very useful in read- 
ing lectures on the globes, because a large com- 
pany can see the Sun and Moon go round, rising 
above and setting below the horizon at uiterent 
times, according to the seasons of the year; and 
making their appulses to different fixed stars. 
But in the usual way, where there is only the 
laces of the Sun and Moon in the ecliptic to 
ine the eye upon, they are easily lost sight of, 
unless oe: be Corctes with seme 


402. The PLANETARY GLoBEs. In this ma- The Pla- 
ehine, J" is a terrestrial globe fixed on its axis ?7°7_ 
standing” upright on the pedestal C D'E} ‘on brace 
which is an hour-circle,. having its index fixed on On 
the axis, which turns somewhat tightly in the pe- 
destal,so that the globe may not be liable to shake; 
to prevent which, the. pedestal is about two inches 
thick, and the axis goes quite through it, bearing 
on a shoulder.’ The globe is hung ina ‘eraduat. 
ed brazen meridian, much in the usual ‘way ; 
and the thin plate NE, is a moveable horizon, 
graduated round the outer edge, for shewing the 
bearings and amplitudes of the Sun, Moon, and 
planets. The brazen meridian is grooved round | 
the outer edge; and in this groove is a slender 
semicircle of brass, the ends of which are fixed 
to the horizon in its north and south points : this 
semicircle slides in the groove as the horizon is 
moved in rectifying it for different latitudes. To 
the middle of the semi-circle is fixed q pin, which 


CHAP. 
XXil. 
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always keeps in the zenith of the horizon, and on 
this pin, the quadrant of altitude g turns; the 
lower end of which, in all positions, touches the 
horizon as itis moved round the same. . This 
quadrant is divided into 90 degrees from the ho- 
rizon to the zenithal pin on which it is turned, 

at 90. The great flat circle or plate 4B is the 
ecliptic, on the outer edge of which the signs 
and degrees are laid down; and every fifth de- 
gree is drawn through the rest of the surface of 


_ this plate towards its centre. On this plate are 


seven grooves, to which seven little balls are ad- 
justed by sliding wires, so that they are easily 
moyed in the grooves, without danger of starting 
out of them. The ball next the terrestrial globe 
is the Moon, the next without it is Mercury, the 
next Venus, the next the Sun, then Mars, then 
Jupiter, and lastly Saturn; and in order to know 
them, they are separately stamped with the follow- 
ing characters: ), %, Qi o> Uy b.. This plate 
or ecliptic is supported by four strong wires, hav- 
ing their lower ends fixed into the pedestal, at 
C, D, and £, the fourth being hid bythe globe. 
The ecliptic i is inclined 234 degrees to the pedes- 
tal, and is therefore properly inclined to the axis 
of he globe which stands upright on the pedestal. 


Method of Lo rectify this machine, Set this Sun, and all 


oie 
the planet- 
ary globe 


the planetary balls, to their geocentric places in 
the ecliptic for any given time, by an ephemeris: 
then set the north point of the horizon, to the 
latitude of your place on the brazen meridian, 
and the quadrant of altitude to the south point 
of the horizon ; which done, turn the globe with 
its furniture ell the quadrant of altitude comes 
right against the Sun, viz. to his place im_ the 
ecliptic; and keeping it there, set the hour index 
to the XII next the letter C; and the machine 
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will be rectified, not only for the following pro- ¢Har. 


blems, but, for, several others, which the artist . XI 
may easily find out, . , : Se ithe 


PROBLEM I, 


To find the Amplitudes, Meridian, Altitudes, and 
times of rising, culminating, and setting, ofthe 
Sun, Moon, and Planets. | as. 


Turn the globe. round Ze or according to To find the 
the order of the signs; and as; ha eastern edge of tuitude, 


amplitude, | 

the horizon comes right against the Sun, Moon, « sourhing, 
rising, and 

or any planet, the hour mdex will shew the time weuiny'Gt 

of its rising 5, and the inner ‘edge: of the. ecliptic the planets. 

will cut its rising. amplitude.im the horizon, 

Turn on, and as the quadrant of altitude comes 

right against the Sun, Moon, or planets, the eclip- 

tic cuts their meridian altitudes in the quadrant, 

and the hour index shews' the, time of their com- 

ing to the meridian, ., Continue turning, and as 

the western edge.of the horizon comes. right 

against the Sun, Moon, .or planets, their setting 

amplitudes are cut in the horizon by the ecliptic ; 

and the times of their, setting are shewn by the 

index on the hour ate a TD 


“PROBLEM My, 


fo. find the Altitude and Avinaugh of the Sun, 
Moon, and, Planets, at qny tame: af Hiei tains 
above the Horizon... 


} 


| As ea the globe ill. the: pl bk comes to the To find the 
given time in) the hour circle ;. then’ keep. the 2#udeané 
globe steady, and. moving . the quadrant : of, alti- the planets, 


tude. to each plan respectively, the edge of -the 
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_,  @HAP. ecliptic will’cut the planet’s mean altitude on the 
XX. “quadrant, and the quadrant will cut the planet’s. 
azimuth, or point of bearing on the horizon. | 


PROBLEM III. 


The Sun’s Altitude being given at any time either 
before or after Noon, to find the Hour of the 
Day, and the Variation of the Compass, in 
any known Latitude. 


Fs hd, the With one hand hold the edge of the quadrant 

day, andthe Fight against the Sun ; and, with the other hand, 

variation ofturn the globe westward, if it be in the forenoon, 

pass. or eastward, if it be in the afternoon, until the 

: Sun’s place at the inner edge of the ecliptic cuts 
the quadrant ‘in the Sun’s observed altitude ; and 
then the hour index «will point out the time. of 
the day, and the quadrant will cut the true azi- 
muth; or bearing of the Sun for that time: the, 
difference between which, and the bearing shewn 
bythe azimuth compass, shews the variation of 
the compass in that place of the Earth. 


The Trae 403. The TRAJECTORIUM LUNARE. This 
eerare, Machine is for delineating the paths of the Earth 
and Moon, shewing what sort of curves they 
Pcatzvi, make in the ethereal regions ; and was just men- 
Fig-§- tioned in the 266"™ article. S§ is the Sun, and £ 
the Earth, whose centres are 81 inches distant 

from each other; every.inch answering to a 

million of miles, § 47. MM is the Moon, whose 

centre is +4. parts of an inch from the Earth’s in 

this machine, this being in just proportion to the 

_« foon’s distance from the Earth, § 52. dd is 
1a bar of wood, to be moved by hand round the 
axis g, which is fixed in the wheel ¥. ‘The cir 
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eumference'of this wheel is to the circumference of CHAP, 
the small wheel Z (below the other end of the az) eas ae 
as 365; days is to:29>; or as.a yearis to a a 
tion. The wheels dre grooved: round their edges, 
and in the grooves is the cat-gut string G G cross- 
ing between the wheels at) X.» On the axis of 
the wheel Z-is the index F, in which is fixed the 
Moon’s axis M for carrying her round the Earth 
E (fixed on the axis of the wheel Z) in thetime 
_ that the index goes round a ‘circle of 292 equal 

parts, which aré, the days of the Moon’s age. 
‘The wheel ¥ has the months and days of the 
year all round its limb; and.in the bar 4.4 1 is 
fixed the index J, which points out the days of 
the months answering to the days,of the Moon’s 
age, shewn by the index F, in the circle of 294 
equal parts at the other end of the bar. On the 
axis of the wheel L, is put the piece D, below 
the cock C, in which this axis turns round ; and 
in Dare put the pencils e and m, directly. under 
the Earth E and Moon M; so that m is carried 
round e, as Mis round £.).; 

Lay the machine on aa éyen floor, pressing Method ef 
gently on the wheel .Y, to cause its spiked feet "8 
(of which two appear at P and P, the third being 
id from sight: by the wheel) enter 
a little into the floor to secure the wheel from 
turning. Then lay a paper about four feet long 
under the pencils e and m, cross-ways to the bar: 
which done, move the bar slowly round the axis 
g of the wheel Y; and, as the Earth £ goes 
_ round the Sun 8, the Moon, M will go round the 

Earth with a duly proportioned velocity; and the 
friction wheel W running on the ‘floor, will keep 
the bar from bearing too heavily on the pencils-¢ 
and m, which will delineate the paths of the 
Barth and Moon, as in ae 24, already desc: xibed 
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atlarge, § 266, 267. As the index J points out 
mo days of dhe months, the index Ff’ shews the 
Moon’s age on these days, in ‘the circle of 29% 

equal parts. And as:this last index points to- the 
different days in its circle, the like numeral 
figures may be set to those parts of the curves of 
the Earth’s path and Moon’s, where the pencil e 
and m are at those times respectively, to shew 
the places of the Earth and Moon. If the pencil 
e be pushed a very little off, as if from the pencil 
m, to about 4% part of: their distance, and the 
pencil m plished as much towards e to bring them 
to the same distance again, though ‘not to the 
same points of space; then, as m goes round e, 
e will go:as it-were round the centre ‘of gravity 
between the Earth e and’ Moon m, §' 298: but 
this motion will. not’ sensibly alter’ the figure’ of 
the Earth’s: path or the Moon’s.*" 

If a pin, asp, be put ‘through the pencil mM, 
with its head towards that of thé pin gin the 
pencil ¢, its head will always keep thereto as m 
goes round e, or as the same side of the Moon is 


still turned to the Earth. But the pin p, which 


The Tide- 
dial. 


Pratre JX 


Fig. 7, 


may be-considered as an equatoreal diameter of 
the Moon, will turn quite round ‘the point m, 
making all possible angles with the: line of its 
progress, or line of the Moon’s path. ‘This is 
an ocular proof of the moon’s turning rouse her 
axis. 


404. The Tipe-prau. ‘The outside parts of 
this machine consist of—1, An eight-sided box, 
>on the top of which, at the corners, is shewn the 
phases of the Moon at the octants, quarters, and 
full. Within these is a circle of 29 equal parts, 

which are the days‘ of the Moon’s age reckoned 
from the Sun at new Moon, round tothe Sun 
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again. Within this. circle is one of 24 hours cHap. 
divided into their: respective halves and quarters. | **". 
95 A moving elliptical plate, painted blue, to re- 
present the rising,of the tides under and opposite 
to the Moon ;. and has, the words, high water, 
tide falling, low water, tide rising, marked upon. 
it.. To.one.end of this plate. is’ fixed the Moon 
‘M by the wire WV, and goes along, with: it. 3, 
Above. this ‘elliptical plate is a round one, with 
the points of the compass upon it, and also the 
names of above 200 places in the large machine 
(but only 32 in the: figure, to avoid confusion) 
set over those points on which the Moon bears 
when she raises. the tides to the greatest height at 
these, places twice,in every lunar day: and to 
the north and south points of this plate are fixed 
two indexes J and K, which shew the times of 
high water, in the hour circle, at all these places. 
4, Below the elliptical plate are four small plates, 
two of which project out from below its ends ‘at 
new and full,Mogn ; and so, by lengthening the 
ellipse, shew the spring tides, which are. then 
raised to the greatest heights by | the united. at- | 
tractions of the Sun and Moon,, §, 302.) . The methoa of 
other two of these small plates appear at’ low using the 
water when the moon is in) her quadratures,’ or "“"°*" 
at the sides of the. elliptic plate, to shew the 
neap-tides ; the Sun and Moon then acting cross- 
ways to each other... When any,two of these 
small plates appear, the other two are hid ; and 
when the Moon isin her octants, they all disap» 
pear, there being neither spring nor neap tides at 
those times. Within. the box are a few wheels 
for performing these motions by the handle or 
winch. H. 

Turn the handle until the, Moon M comes to 
any given day of her age in the circle of 29° 
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equal parts, and the Mesn’s Wire’ Ww will egt' ite 
time of her coming to the meridian on that day, 
in the hour circlé; the XIE ‘under the Sun being 


«mid-day, and® the opposite’ KITE’ midnight; then 
Jooking for the'name of any given place on the 


round plate ((which' makes '294 “rotations ‘whilst 
the moon M makes‘only one revolution’ from the 


sun to the sun again) turn the handle ‘till that _ 
' place comes to the word: high water under’ the 


moon, and the index which’ falls 2 among the fore- 
noon hours will shew ‘the time of high water at 
that place in the forenoon of ‘the given day: then 
turn the plate half round, till the same place 
comes to the opposite high-water mark, and the 
index will shew the time of high’ water in the af- 
ternoon at that place. And thus, as all the dif. | 
ferent places come ‘successively under and oppo- 
site to the moon, the indexes shew the times of 
high water at them in both parts of the day : and 
when the same places come to the low water 
marks, the indexes shew the times of low water. | 
For about three days before and after the times 
of new and full Moon, the two small plates come 
out a little way from below the high-water marks 
on the elliptical plate, to shew that the tides risé 
still higher about these times : and‘ about’ the 
quarters, the other two plates’ come out a little 
from under the low-water marks towards the Sun 
and on the opposite’ side, shewing’ that the tides 
of flood rise not/then so high, nor do the tides of 
ebb fall so’ low,-as at other times. 

By pulling the handle a little way outward, it 
is disengaged fromthe wheel-work, and then the 
upper plate may be turned round quickly by 
hand, so that the Moon may be brought to any 
given day of her age in about a quarter of a mi- 


o 
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tiutef and by pushing in the handle, it takes hold CHAP, 
of the wheel-work again. . 

On 4 B, the ni of the handle Ay.is an‘end-:th: inside 
less screw G, which turns the wheel / ED of nei Awa 
24 teeth vaunde in 24 revolutions of the handle: 
this wheel turns another, ON G, of 48 teeth, 
and on its axis is the pinion P Q of four leaves, Hes 
which turns the wheel L K J of 59 teeth round Fig. 8. ‘ 
in 29+ turnings or rotations of the wheel # £ D,. 
or in.708 revolutions of the handle, which is the 
number of hours ina synodical revolution of the 
Moon. The round plate with the names of places 
upon it is fixed on the axis of the wheel FE D;. 
and the elliptical or tide-plate with the Moon fix-. 
ed to it is upon the axis of the wheel KJ; con- 
sequently, the former makes 29~ revolutions in 
the time that the latter makes oné. ‘The whole 
wheel. F £ D, with the endless. screw C, and, 
dotted part of the axis of the handle AB, to-=. 
gether with the dotted part ofthe wheel O N G, 
lie hid below the large wheel. Z K I. 

Fig. 9 represents the under side of the Description 
elliptical or tide-plate a 6 cd, with the four small}, Hoes nas 
plates. 4d BCD, E FG H, IKLM, NOP Q; 
upon it: each of which has two slits, as, TZ} 

SS, RR, UU, sliding on two pins, as. 7 2 
fixed in the elliptical plate.’ In the four small 
plates are fixed four pins, at 4, X, Y, and Z ;, 
all of which work in an elliptic groove.0000 on 
the cover of the box below the elliptical, plate ; 
the longest axis of this groove being in, a, right 
line with the sun and full moon. Consequently,» 
when. the Moon is in conjunction or opposition, 
the pins WV and X thrust out the plates d BCD 
and 7K £ M a little beyond the ends of the 
elliptic plate at d and 4, to f and e ; whilst the 


t 
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cHaP. pins Yand Z.draw in the plates QP G H and 
NOP Q quite under the elliptic plate to ¢ 
and h. But, when the Moon comes to her first 
or third quarter, ‘the elliptic plate lies across the © 
fixed elliptic groove in which the’ pins work ; 
and therefore the end plates 4BCD° and 
IK IM are drawn in below the great’ plate; 
and the other two plates EFGH and NOPQ 
are thrust out beyond it to a and c; When the 
Moon is in her octants, the pins VY, .X, Y, Z are 
in the parts 0, 0,0, 0, of the elliptic groove, 
which! parts are at a mean between’ the greatest. 
and least distances from the centre g, and then 
all the four small plates disappear below the 
great one. : Og s 


The Eclipss 405, The ECLIPSAREON. This piece of me- 
omen chanism exhibits the time, quantity, duration; 
and progress of solar eclipses, at all parts of the 

Earth. | 

pirate ‘Lhe principal parts of this machiné are, 1, A 
XML terrestrial globe 4 turned round its axis B by 
the handle or winch M/; the axis B inclines 234. 
degrees, and hasan index which goes round the 

hour circle D in each rotation of the globe. 2, 

A circular plate /, on the limb of which the’ 
months and days of the year are inserted.’ This 

plate supports'the globe, and gives its axis the 

same position to the Sun, or to a candle properly 

placed, that the Earth’s axis has to the Sun upon 

any day of the year, § 338, by turning the plate 

till the given day of the month comes to the fix- 

ed pointer, or annual index G. 3, A crooked 

wire F, which points towards the: middle of the 

Farth’s enlightened disc at all times, and shews 

te what place of the Earth the Sun is vertical at 


3 
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any given time. . 4, A penumbra, or thin circu- cuar. 

lar plate of brass J divided into 12 digits by 12.’ 

concentric circles, which represent a section of the priate 

Moon’s penumbra, and is proportioned to the *™#- 

“sizeof the globe; so that the shadow of this 

“plate, formed by the Sun, or a candle placed at 

a convenient distance, with its rays. transmitted 

through, a convex lens to make them fall parallel 

on the globe, covers exactly all those places up- 

en it that the Moon’s shadow. and penumbra do. 

on the Earth: so that the phenomena’ of any 

_solar eclipse may be shewn by this machine with 

candle-light almost as well as by the light of the 

‘Sun. 5, An upright frame H HW HH, ‘on the 

sides of which are scales.of the Moon’s latitude 

or declination from the ecliptic. To these scales 

are fitted. two sliders K and K, with indexes for 

adjusting the penumbra’s centre to the Moon’s 

latitude, according as it isnorth or south, ascend- 

ing or descending. 6, A solar horizon C, dividing 

the enlightened hemisphere of the globe from that 

which is in the dark at any given time, and 

shewing at what places the general eclipse begins 

and ends with the rising or setting Sun. 7. A 

handle M, which turns the globe round its axis 

by wheel-work, and at the same time moves the 

penumbra across the frame by threads over the 

pullies Z, LZ, /., with a velocity duly proportion- 

ed to that of the Moon’s shadow over the Earth, 

as the Earth turns on its axis. And as the 

_Moon’s motion is quicker or slower, according 

to her different distances from the Earth, the 

penumbral motion is easily regulated in the ma- 

chine by changing one of the pullies. 

. 406. To rectify the machine for use. The true To rectify 

time “of new Moon and her latitude being known !P¢ °UP#- 

by the foregoing precepts, § 353, e¢ seq. if her lati- 
Pol. d Le C | 
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CHAP. ergs exceeds the number of minittes or divisions 
**N- on. the scales (which are on the side of the frame 

Prats hid from view in the figure’ of the machine), 
XI, “there can be no eclipse of the Sun at that con- 
junction ; but if it does not, the Sun. will be 
eclipsed to some. places of the Earth; and, to 
shew the times and. various appearances of the 
eclipse at ‘those. places, proceed i in order as fol- 
OWS ae 

- sectity 407. To rectify The machine for performing by 
reon forthe the light of the Sun. 1, Move thesliders KK till 
geht of the their ‘indexes point to the Moon’s latitude on the 
scales, as it is north or. south ascending or de- 
scending, at that time. 2, Turn the month- plate 

F tll the day. of the given new Moon comes to 

the annual index G. 3, Unscrew the collar NV 

a little on the axis of Ne handle, to’ loosen the 
contiguous socket on which the threads that 

move. the penumbra are wound; and set the 
penumbra by hand till its centre comes to the 
perpendicular thread in the middle of. the 

frame; which thread represents the axis of the 
ecliptic. 4, Turn the handle till the meridian of 
London on the globe comes just under P the point 

of the crooked wire F’; then stop, and turn the 
hour-circle D by hand ‘till XTT at noon comes to 

its index, and set the penumbra’s middle to the 

thread. 5, Turn the handle till the hour-index 

points to the time of new Moon in the circle D; 

and holding it there, serew fast the collar N. 

Lastly, elevate the machine till the Sun shines 
through the sight-holes in the small upright 

plates O, O, on the pedestal ; and whole 

_ machine will be rectified. 

To rectify 408. To rectify themachine for shewing Be candle- 
the eclips- oht. Proceed in every respect as above, except 
dic-light. in that part of the last paragraph where the Sun 
is mentioned ; instead of which place a candle 
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before the machine, about four yards from it, so CHAP. 
_as the shadow of intersection of the cross threads meaty 
in the middle of the frame may fall precisely onprats 
that part of the globe below P the point of the*!. 
crooked wire: then, with a pair of compasses, take 

the distance between the penumbra’s centre and 
intersection of the threads; and equal to that 
distance set the candle higher or lower, as the 
penumbra’s centre is above or below the said in- 
tersection, Lastly, place a large convex lens be- 
tween the machine and candle, so that the candle 

may be in the focus of the lens, and. then the 

rays will fall parallel, and cast a strong light on 
the globe. baht 8 | 

» These things done, which may be sooner than Method of 
expressed, turn the handle backward, until the es Bilan 
penumbra almost touches the side {7 £ of the. 
frame ; then turning it gradually forward, ob- 
serve the following phenomena. 1, Where the 
eastern edge of the shadow of the penumbral * 
plate J first touches the globe at the solar hori- 
zon, those who inhabit the corresponding part of 
the Earth see the eclipse begin on the uppermost 
edge of the Sun, just at the time of its rising, 
2, In that place where the penumbra’s centre 
first’ touches the globe, the inhabitants have :the 
Sun rising upon them centrally eclipsed. 3, 
When the whole penumbra just falls upon. the 
globe, its western edge at the solar horizon 
touches and leaves the place where the eclipse 
ends at/Sun-rise on his lowermost edge. Con- 
tinue turning, and, 4, the cross lines in the cen- 
tre of the penumbra will go over all those places 
on the globe when the Sun is centrally eclipsed. 
5, When the eastern edge of the shadow touches 
_ any place of the globe, the eclipse begins there; 
when the vertical line in the penumbra‘ comes to" 

C2 
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CHAP, any place, then is the greatest obscuration at 
XXII. | 

ae that place; and when the western edge of the , 

Prare penumbra leaves the place, the eclipse ends 

ai there; the times of all which ate shewn on the 

hour-circle ; and from the beginning to the end, 

the shadows of the concentric penumbral circles 

shew the number of digits eclipsed at all the in- 

termediate times. 6, When the eastern edge of 

the penumbra leaves the globe at the solar hori- 

zon C, the inhabitants see the Sun beginning to 

be eclipsed on his lowermost edge at its setting. — 

7, Where the penumbra’s centre leaves the 

globe, the inhabitants see' the Sun set centrally 

eclipsed. And, lastly, where the penumbra is 

wholly departing from the globe, the inhabitants 

_ see the eclipse ending on the uppermost part of 

the Sun’s edge, at the time of its disappearing mm — 

the horizon. 


The ccip- 409. If any given day of the year on the 
srcon- a? plate & be set to the annual-index G, and the 
time of her handle turned till the meridian of any place 
scttine, the Comes under the point of the crooked wire, and 
duration of then the hourscircle D set by the hand till XI 
twilight,&c: comes to its index; in turning the globe round 
by the handle, when the said place touches the 

eastern edge of the hoop or solar horizon C, the 

index shews the time of Sun-setting at that 

_ place; and when-the place is just coming out 

from below the other edge of the hoop C, the 

index shews the time when the evening twilight 

ends to it. When the place has gone through the 

dark part 4, and comes about so as to immerge 

under the back of the hoop C on the other side, 

the index shews the time when the morning 
twilight begins ; and when the same place is just 

coming out from below the edge of the hoop 


~ 


a 
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next the frame, the index points out the time of CHAP. 
Sun-rising And thus, the times of Sun-rising a 
and setting are shewn at all places in one rota- Prats 
tion of the globe, for any given day of the year :*""" 
and the point P of the crooked wire F shews all 

the places over which the Sun passes vertically 


on that day. : 
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A 


PLAIN METHOD 


OF 


FINDING THE DISTANCES OF ALL THE PLANETS 
FROM THE SUN, BY THE TRANSIT OF VENUS 
OVER THE SUN’S DISC, IN THE 
YEAR 11761. 


TO WHICH IS SUBJOINED, 


AN ACCOUNT. OF MR. HORROX’S OBSERVATIONS OF THE 
TRANSIT OF VENUS IN THE YEAR i638, 


AND ALSO, 


\®F THF DISTANCES OF ALL THE PLANETS FROM THE SUN; 
AS DEDUCED FROM OBSERVATIONS OF THE TRANSIT, 
IN THE YEAR 1!76I, 


YHE METHOD OF FINDING THE DISTANCES OF THE 
PLANETS FROM THE SUN. 


CHAP. XXII. 


ARTICLE I, | 


Concerning Parallaxes, and their Use in general. 


410. ‘Lwe * approaching transit of Venus over CHAP. 
Sun has justly engaged the attention of ‘astrono-, **"!: 
mers, as it is a phenomenon seldom seen, and as The transit 
the parallaxes of the Sun and planets, and their oF Venue 


distance from one another, may be found with finding the 
greater accuracy by it, than by any other method Parallaxes 


of the pla 
yet known. nets. 
411. The parallax of the Sun, Moon, or any Explana- 


planet, is the distance between its true and appa- dine pa- 


rent place in the heaven.—The true place of any 
celestial object, referred to the starry heaven, is 

that in which it would appear if seen from the 
‘centre of the Earth ; the apparent place, is that 
in which it appears as seen from the Earth’s sur- 

face. 


* The whole of this Dissertation was published in the 
beginning of the year 1761, before the time of the transit, 
except the 7‘* and 8" articles, which have been added since 
that tinte. . 
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CHAP. 
Xx XII. 


PLATE 
XIV. 
Fig. Tt 


To explain this, let .4.B DA be the Earth, 
(Fig. 1, of Plate. XIV), C its centre, M the 
Moon, and ZX an arc of the starry heaven, 
To an observer at C (supposing the Earth to be 
transparent) the Moon M will appear at U, 
which is her true place referred to the starry 
firmament: but at the same instant, to an ob- 
server at 4 she will appear at w, below her true 
place as among the stars. The angle 4 MC 
is called the Moon’s parallax, and is equal to the. 
opposite angle UMu,* whose measure is the celes- 
tialarc Uu. Thewhole earth is but a point if com- 
pared with its distance from the fixed stars, and 
therefore we consider the stars as having no 
parallax at all. DET — ; 

412. The nearer the object is to the horizon, 
the greater is it parallax ; the nearer it is to the 


The paral. Zenith, the less. In the horizon it is gréatest of 


lax of any 


body in- 


creases asits 


all; in the zenith it is nothing.~-Thus let 4 Lt 
be the sensible horizon of an observer at: 4 ;. to 


altitude dt- him the Moon at EL is in the horizon, and her 


minishes, 


parallax is the angle 4 £€, under which the 
Earth’s semidiameter 4 C appears as seen from 
her. ‘This angle is called the Moon’s horizontal — 
parallax, and is equal to the opposite angle TL, 
whose measure is the arc 7'¢ in the starry hea- 
ven. As the Moon rises higher and higher to 
the points 47, N, O, P, in her diurnal course, 
the parallactic angles UMu, X Nx, YOy, di- 
minish, and so dothearcs Uu, Xx, Yy, which 
are their measures, until the Moon comes to P3 
and then she appears in ‘the zenith Z without 
any parallax, her place being the same as seen 
from 4 on the Earth’s surface, and from C’its 
centre. ile 


2 Playfair’s Euclid, Book i, Prop. 15. 


\ 
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» 413. If the observer at 4 could take the true cHap. 
measure or quantity of the parallactic angle eR, 
ALG, he might thereby find the Moon’s dis. Howto find 
tance Bilis the centre of the Earth. For then, pie lutnag hy 
in the plain triangle L4 C, the'side 4 C, which trom her 
is the Earth’s semidiameter, the angle 4 ZL C, Plz. 
which is the Moon’s horizontal parallax, and the 

right angle CAL, would be given. . There- 

fore, by trigonometry, as the tangent of the pa- 
rallactic angle 4 LC is to radius, so is the 
Earth’s semidiameter 4 C to the Moon’s dis- 

tance C'/, trom the Earth’s centre C.3 But be- 

cause we consider the Earth’s semidiameter as 

unity, and the logarithm of unity is nothing, 
subtract the logarithmic tangent of the angle 
AIC from radius, and the remainder will be 

the logarithm of C Z, whose number is equal to 

the number of semidiameters of the Earth by 

which the Moon is distant from the Earth’s 
centre. Thus, supposing the angle 4 LC of 

the Moon’s horizontal ye gg to be 57’ 18”, 


*?Fiem the radios [222 SY) LO Fa. 10.6060000 
Subtract the tangent of 57° 18". 2... 8.2219207 
And there will remain .....- ‘cg etetaed 7780808 i 


which is the logarithm of 59.99, the number of 

semidiameters of the Earth,. which are equal. to 

the Moon’s distance from the Earth’s centre. 

Then, 59.99 being multiplied by 3985, the 

number of miles contained in the Earth’s semi- 

diameter, will give 239082 miles for the Moon’s 

distance from the centre of the Earth, by this— 
parallax. 

414, But the true wiki of the Moon’s hori- 
zontal parallax cannot be accurately determined 
by observing the Moon in the horizon, on ac- 
count of the inconstancy of the horizontal re- 


3 Playfair’s Euclid, rig hnbajetty, Prop 1. 1, 
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finding the 
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fractions, which always vary according to the 
state of the atmosphere; and, at a mean rate, 
elevate the Moon’s apparent place near the hori- 
zon half as much more than as her parallax de- 
presseth it. And, therefore, to have her parallax 
more accurate, astronomers have thought of the 
following method, which seems to be a very good 
one, but which has not yet been put in practice. 
Let two observers be placed under the same 
meridian, one in the northern hemisphere, and 
the other in the southern, at sucha distance from 
each other, that the arc of the celestial meridian 
included between their two zeniths may be at 
least 80 or 90 degrees. Let each observer take 
the distance of the Moon’s centre from his ze- 
nith, by means of an exceeding good instrument, 
at the moment of her passing the meridian: add 
these two zenith-distances of the Moon together, 
and their excess above the distance between the 
two zeniths will be the distance between the two 
apparent places of the Moon. hen, as the sum 
of the natural sines of the two zenith distances of 
the Moon is to radius, so is the distances be- 
tween her two apparent places to her horizontal 
parallax: which being found, her distance from 


~ the Earth’s centre may be found by the analogy 


Tilustration 
of chis me- 
thod. 


PLaTeE 
XIV, 
Fig. Qo 


mentioned in § 413. 

Thus, in Fig. 2, let YE CQ be the Earth, 
M the Moon, and Zéaz an arc of the celestial 
meridian. Let VY be Vienna, whose latitude EV 
is 48° 20’ north; and C the Cape of Good 
Hope, whose latitude EK Cis 34° 30’ south: 
both which latitudes we suppose to be accurately 
determined - beforehand by the observers. As 
these two places are on the same meridian 
nV ECs, and in different hemispheres, the 
sum of their latitudes 82° 50’ is their distance 


¥ 
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from each other. Z is the zenith of Vienna, CHAP. 
and z the zenith of the Cape of Good Hope; vila ; 
which two zeniths are also 82° 50/ distant from 
each other, in the common celestial meridian. 
Zz. To the observer at Vienna, the Moon's 
centre will appear at a in the celestial meridian ; 
and at the same mstant, to the.observer, at the 
Cape, it will appear at 4... Now. suppose, the 
Moon’s distance Za from the zenith of Vienna 
to be 38° 1' 53’; and her distance zb from the 
zenith of the Cape of Good Hope to be 46° 4/ 4.1”; 
the sum of these two zenith- distances (Za + zh) 
is 84° 6 34’, from which subtract 82° 50’, the 
distance Z z between the zeniths of these two 
places, and there will remain 1° 16’ 34’, for 
the arc la, or distance between the two appa- 
rent places of the Mioon’s centre, as seen from 
V and from C. ‘Then, supposing the. tabular ~ 
radius to be 10000000, the natural sine of 
88° 1’ 53" (the arc Za) 1s 6160816, and the 
natural sine of 46° 4/ 14” (the arc zt) is 
7202821: the sum of both these sines is 
13363687. Say therefore, as 13363637 1s 
to 10000000, so is 1° 16’ 34’, to 57 18”, 
which is the Moon’s horizontal parallax. 

lf the two places of observation be not exactly 
under the same meridian, their difference of lon- 
gitude must be accurately taken, that proper al- 
lowance may be made for the Moon’s declination 
whilst she is passing from the meridian of the 
ene to the meridian of the other. 

415. The Earth’s diameter, as seen from the relative 
Moon, subtends an angle of double the Moon’s a ae es 
horizontal, parallax ; which being supposed (as sus Moon. 
-above) to be 57’ 18”, or 3438”, the Bar ’s ia- 
meter must be 1° 54 36”, or 6870”. When 
the Moon’s horizontal parallax gree i variable 
en account of the eccentricity of her orbit) is 


he 


46° The Method of finding the Distances 


CHAP. 57/18”, her diameter subtends an angle of 31/2”, 
eS ae ; bates a 
os _or 1862": therefore, the Farth’s diameter is to 
the Moon’s diameter, as 6876 is to 1862; that 

is, as 3.69 is to 1. 3 

And since the relative bulks of spherical bodies. 

are as the cubes of their diameters, the Earth’s 
» bulk is to the Moon’s bulk, as 49.4 is to 1, 

416. The parallax; and consequently the dis- 
tance and bulk, of any primary planet, might be 
found in the above manner, if the planet was near 
enough to the Earth, so as to make the differ- 
ence of its two apparent places sufficiently sen- 


sible: but the nearest planet is too remote for 


“sphe transit the accuracy required. In order therefore to 
of Venus determine the distances and relative bulks of the 
EOP planets with any tolerable degree of precision, we 
ihe paral- must have recourse to a method less liable to 
laxes of the 
primary 
planets. yer the Sun’s disc will afford us. 
417, From the time of any inferior conjunction 
of the Sun and Venus to the next, is 583 days 
22 hours 7 minutes. And, if the plane of Venus’s 
orbit were coincident with the plane of the 
ecliptic, she would pass directly between the Earth 
and the ‘Sun at each inferior conjunction, and 
would then appear like a dark round spot on the 
Sun for about 7 hours and 3 quarters. But 
Venus’s orbit (like the Moon’s) only intersects 
the ecliptic in two opposite points, called its 
nodes. And therefore one half of it is on the 
north side of the ecliptic, and the other on the 
south: on which account, Venus can never be 
seen on the Sun, but at those inferior conjunc- 
tions which happen in or near the nodes of her 
orbit. At all the other conjunctions, she either 
passes above or below the Sun; and her dark 
side being’ then towards the Earth,’ she is in- 


z 


error ; and this the approaching transit of Venus. . 


we 
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visible-—The last time when this planet was seen Sai 
like a spot on the Sun, was on the 24" of Nos Woy 
vember, old vig in the year 1639. 


ARTICLE Il. 


Shéwine how to find the horizontal parallax of 
Venus by observation, and from thence, by 
analogy, the parallax and distance of the Sun, 

“f ae of all the Planets from him. 


; “418. In Fig. 4, of Plate XIV, let DAB be ee ae 
Farth, 7 Wenis, and T'S R cite eastern limb a 
OF the ‘Sune | To an ‘observer at B, the point ¢°** 
of that limb will be on the meridian, its place re- 
ferred to the heaven will be at /, and Venus 
will appear just within it at $. But, at the same 
instant, to an observer at 4, Venus is east of the 
Sun, in the right line 4 V P; the pomt ¢ ofthe - 
Sun’s limb appears at e in the heavens’; ; and if 
Venus were then visible, she would appear at /. 
The angle C V4 is the horizontal parallax of 
Venus, which we seek; and is equal to the op- 
posite angle VE, whose measure is the arc 
FE.. ASC is the Sun’s horizontal parallax, 
equal to the opposite angle eS £, whose mea- 
sure is the arc eH: and Ede (the same as 
VA v) is Venus’s horizontal parallax, from the 
Sun, which may be found by observing how 
much later in absolute time her total ingress on 
the Sun is, as seen from 4, than as seen from B, 
which is the time she takes to move from V7 to 
vin her orbit O Vv. 

419. It appears by the tables of Venus’s motion 
and the Sun’s, that at the time of her ensuing 


<a, i Oe 
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euap. transit, she will move 4 minutes of a degree on the 


| XXIIL 


aed 
XIV, 


Fig. 4. 


= 
i 


Sun’s disc i in 60 minutes of time ; and therefore 
she will meve 4 seconds of a degree in one minute 
of time. 

Now, let us suppose, that Ais QO degrees west 
of B, so that when it is noon at B, it will be Vin 
the morning at 4; that the total i ingress as seen 
from B is at 1 minute past XII, but that as seen 
from 4 itis at 7 minutes, 30 seconds past. VE; 
deduct 6 hours for the difference of meridians of 


A and B, and the remainder will be 6 minutes 


30 seconds for the time by. which: the total in- 
eress of Venus on the Sun at S$ is later as séen 


from 4 than is seen from B: which time. being 


converted into parts of a degree is 26 seconds, or at 
the arc Fe of Venus’s horizontal parallax from 
the Sun: for,.as 1 minute of time is to 4 seconds 
of a degree, so is 62 minutes of time to 26 seconds 
of a degree. . 

420. The times in which the. Sihets perform 
their annual revolutions about the Sun, are al- 
ready known by observation. From these times, 
and the universal power of gravity by. which the 
planets are retained in their orbits, it is demon- 
strable, that if the Earth’s mean distance from 
the Sun be divided into. 100000 equal parts, 
Mercury’s mean. distance from the Sun must be 
equal to 88710 of these parts— Venus’. Ss mean 
distance from the Sun, to 72333—Mars’s mean 
distance, 152369-—IJupiter’s, 520096—and . Sa- 
turn’s, 954006. Therefore, when the number 
of miles contained in the mean distance of any . 
planet from the Sun is known, we can, by these 
proportions, find the mean distance in miles of 
all the rest. 

421. At the time of the ensuing transit, thé 
Earth’s distance from the Sun will be 1015 (the. 


a 
3 - 
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mean distance being here considered as 1000), 
and Venus’s distance from the Sun. will be 726 
(the mean distance .being considered as 723), 
which differences from the mean distances arise 
from the elliptical figure of the planets orbits.— 
Subtract 726 parts from 1015, and there will re- 
main 289 parts for Venus’s .distance from the 
Earth at that time. | 

421. Now, since the horizontal parallaxes of 
the planets are * inversely as their distances from 
the Earth’s centre, it is plain, that as Venus will 
be between the Earth and the Sun on the day of 
her transit,.and consequently her parallax will be 
then, greater than the Sun’s, if her horizontal 
parallax can be..on that day ascertainéd by ob- 
servation, the Sun’s horizontal, parallax may be 
found, and consequently his distance. from. the 
Earth.—Thus, suppose Venus’s horizontal paral- 
lax should be found to be 36.3480; then, as 
the Sun’s distance 1015 isto Venus’s distance 289, 
so is Venus’s horizontal parallax 36".3480 to 
the Sun’s horizontal parallax 107.3493 on the 
day of her transit. And the difference of these 
two parallaxes, viz. 25°.9987 (which may be 
esteemed 26”) will be the quantity of Venus’s 
horizontal parallax from the Sun; which is one 
of the elements for projecting or delineating ‘her 
transitover theSun’s disc, as will appearfurther on. 


+ To prove this, let S be the Sun (Fig. 3), V Venus, 
AB the Earth, C its centre, and /C its semidiameter. 
The angle AV C is the horizontal parallax of Venus, and 
ASC the horizontal parallax of the Sun. But by the pro- 


perty of plane triangles, (Playfair’s Euclid, Plane Trig. 


Prop. i.) as the sine of 4 VC (or of SV its supplement 
_ to 180) 18 to the sine of 4 SC, so is dS to AV, and so is 

C&S to CV, N.B. In all angles less than a mmute of a 
degree, the sines, tangents, and arcs, are so nearly equal; 
that they may without-error be used for one another. And 
here we make use of ,Gardiner’s logarithmic tables, because 
they have the sines to every second of a degree. | 

YO Rie 
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cuap. To find the Sun’s horizontal parallax at’ the 

XXII. time of his mean distance from the Earth, say, as 
1000 parts, the Sun’s mean distance from the 
Farth’s centre, is to 1015, his distance therefrom 
on the day of the transit, so is 10°.3493, his ho- 
rizontal parallax on that day, to 10’.5045, his 
horizontal parallax at the time of his mean dis- 
tance from the Earth’s centre. | 

422. The Sun’s parallax being thus (or any 
other way supposed to be) found, at the time of 
his mean distance from the Earth, we may find 
his true distance therefrom, in semidiameters of 

the Earth, by the following analogy. As the 
sine (or tangent of so small an arc as that) of the 
Sun’s parallax 10’,.5045 is to radius, so is unity 
or the Earth’s semidiameter to the number of 
semidiameters of the Earth that the Sun is dis- 
‘tant from its centre, which number, being multi- 
plied by 3985, the number of miles centained in 
the Earth’s semidiameter, will give the number 
of miles by which the Sun is distant from the 
Earth’s centre. ) | 

Then, by § 429, as 100000, the Earth’s mean 
distance from the Sun in parts, is to 387i0, 
Mercury’s mean distance from the Sun in parts, 
so is the Earth’s mean distance from the Sun in 
miles to Mercury’s mean distance from the Sun. 
in miles.—And, , 

As 100000 is to 72333, so is the Earth’s 
mean distance from the Sun in miles to Venus’s 
mean distance from the Sun in miles.—Like- 
wise, ho: 

As 100000 is to 152369, so is the Earth’s 
mean distance from the Sun in miles to Mars’s 
mean distance from the Sun in miles.—~Again, 
As 100000 is to 520096, so is the Earth’s 

‘ mean distance from the Sun in miles to Jupiter’s 
mean distance from the Sun in miles.—Lastly, 
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As 100000 is: to. 954006, so isthe Earth’s cHap.. 
mean distance from the Sun in miles to Saturn’s , 

mean distance from the Sun. im miles... er 

And thus, by having found.the distance of any 
oneérof the planets from'the Sun, we have. suff- 
cient data:for finding the distances of all the rest. 
And then, from their apparent diameters at these 
known distances, their real diameters idl pulks 
may be found. | 

423, The Earth’s, diameter, as seen from oie 
Sun, subtends an angle. of double the Sun’s hori- 
zontal parallax, at the time of the Earth’s mean 
distance from the Sun: and the Sun’s diameter, 
as seen from the Earth at, that time, subtends an 
angle of 32’ 2”,.or 1922". . Therefore, the Sun’s 
diameter is to the. Earth’s diameter, as 1922 is 
to 21. And since the relative bulks of spherical 
bodies are as the cubes of their diameters, the 
-Sun’s bulk is to the Earth’s bulk, as 756058 is 
to 15 supposing the Sun’s mean horizontal pa- 
rallax to be 10.50, as above. 

424, It is plain by Fig, 4, that whether Venus P:are 
be at Uor ¥, or in any other part of the right Fig, m 
tine BY-S, it will make no. difference in the 
time of her total ingress'on, the Sun at 3S, as 
seen from 8B; but as seen from 4 it will. For, 
if Venus be at. 7, her horizontal parallax from 
the: Sun is the arc’ #’e, which measures the 
angle F'd e': but if she be nearer the Earth, as 
at U, her horizontal parallax from the Sia, is 
the are fe, which measures the .angle (de; 
cand this angle is greater than the angle F-de, by 
the difference of their measures ff’. So that, as 
the distance of the celestial object from the Earth 
is less, its parallax is the greater. 

425. To find the parallax of Venus by the above 
method, i it, is necessary, 1, Lhat the difference. of 

D2 
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meridians ‘of the two places of observation be 


90° 52,’ That the time of Venus’s total ingress 
on the Sun’be when ‘his eastern limb is-either on 


‘the meridian of one of the places, or very near 
‘it;—and, 3, That each observer has his clock 
exactly regulated to the equal time at his place. 


But as it might, perhaps, be difficult to find two 
places 6n the Earth suited to'the first and second 
of these requisites, we shall shew how this im- 


‘portant problem may be solved by a single ob- 


server, if he be exact as to’ his longitude, and 
has his clock truly ria to the equal time at 
his place. |» 

426. That’ part of Vents? s orbit in which she 


will move during her transit over the Sun, may 


be considered as a straight line; and therefore, a 
plane may be conceived to pass both through it 
and the Earth’s centre. ‘To every place on the 
Earth’s surface cut by this plane, Venus will’be 
séen on the Sun in'the same path that she would 
describe as seen from the Earth’s centre: and 
therefore she will have no parallax of latitude, 
either north or south; but will have a greater or 
less parallax of longitude, as she is more or less 
distant from the see apg at mk time se her 
transit. ! 

Matura, a town and fore: on the ne coast of : 
the island of Ceylon, will be'in this plane at the 
time of Venus’s total ingress on the Sun; and 
the Sun will then be 622° east of the meridian 
of that place. | ‘Consequently to an observer at 
Matura, Venus will have a considerable parallax 
of longitude eastward from the Sun, when she 
would appear to touch the Sun’s eastern limb as 
seen from the Earth’s centre, at which the astro- © 
nomical tables suppose the observer to be placed, 


and give the times as seen from thence. 
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427. According to these tables, Venus’s total cap, 
ingress.on the Sun will be 50 minutes after VI[ **!l 
in the morning at Matura,* supposing that place ~ 
to be 80° east longitude from the meridian of 
London; which is the obseryer’s: business.to de- 
termine. et us imagine : that he finds it to be 
exactly so, but that to him the total ingress Is at 
VII hours 55 minutes 46 seconds, which 1§ 5 
minutes 46 seconds later than the true. calculated 
time of total ingress, as seen from the Earth’s 
centre. Then, as Venus’s motion on (or. to- 
wards, or from) the Sun is at the rate of 4 mi- 
nutes of a degree in an hour (by § 4.18), her mo- 
tion must be 23”.1 ofa degree in 5 minutes 46 
seconds of time ; and this 23.1 is her parallax 
eastward, from her total ingress as seen from 
Matura, hak her ingress would be total if seen - 
from the Earth’s centre. 

428. At VIL hours 50 minutes in : the morning, 
the Sun is 622° from the meridian; at, VI in 
the morning he is 90° from i it: therefore, asthe | 
sine of 62° is to the sine of 23.1 (which i is 
Venus’s parallax | from her true place on the Sun 
at VII hours 50 minutes) so is radius, or the 
sine of 90°, to the sine of 26’, which is Venus’s 
horizontal parallax from the Sun at Vi, Jn lo- 
garithms thus : | 

As the logarithmic sine of 62° 50" hg O47 9989 


Is to the logarithmic sine of 23’.1 ..-. 6.0481510 
So is the logarithmic radius .......- 10.0000000 


spin aides sine of sf very nearly 6. 1002221 


; The. time ee total i ingress at aitos: as seen from the 
Earth’s centre, is at 30 minutes after II in the morning ; 
and if Matura be j just 80° (or 5 hours 20 minutes) east of 
London, when it is 30 minutes past I] in the morning at 
London, it is 50 minutes past. VII 5 Matura. 

3 
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Divide the Sun’s distance from the Earth, 
1015, by his distance from Venus 726 (412), and 
the quotient will be 1.3980 ; which being multi- 
plied by Venus’s horizontal parallax from the 
Sun 26", will give 36’.8480 ; for her horizontal 
paratlax as seen from the Earth at that time.— 
Then (by § 421), as the Sun’s distance 1015 is 
to Venus’s distance 289, so is Venus’s horizontal 
parallax 36”.3480 to the Sun’s horizontal. paral- 
lax 10°.3493.—If Venus’s horizontal’ parallax 
from the Sun is found by observation to be 
greater or less than 26’, the Sun’s horizontal’ 
parallax must be greater or less than 10°.3493 
accordingly. Reon 
_ 429, And this, by a single observation, the pa- 
rallax of Vents, and consequently the parallax 
of the Sun, might be found, if we were sure 
that. the astronomical tables were quite correct as 
to the time of Venus’s total ingress on the Sun.— 
But although the tables may be safely depended 
upon for shewing the true duration of the transit, 
which will not be quite 6 hours from the time of 
Venus’s total ingress on the Sun’s eastern limb, 
to the beginning of her egress from his western ; 

_yet they may perhaps not give the true times of 
these two internal contacts: like a good com- 
mon clock, which though it may be trusted to. 
for measuring a few hours of time, yet perhaps 
it may not be quite adjusted to the meridian of 
the place, and consequently not true as to any 
one hour; which every one knows is generally . 
‘the case.—Therefore, to make sure work, the 
observer ought to “watch both the moment of 
Venus’s total ingress on the Sun, and her begin. 
ning of egress from him,. so. as to note precisely 
the times between these two instants, by means 
of a good clock : and by comparing the interval 


3 ‘ 
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at his place with the true calculated interval as cHap; 
seen from the Earth’s' centre, which will be 5 **'L- 
hours 58 minutes, he may find the parallax pia Te 
Venus from the Sun both at her total ingress and 
beginning of egress. 

430. The manner of observing the transit Method of 
should be as:follows.—The observer being pro- 0>s7¥ing_ 
vided: with a good telescope, and'a pendulum 
clock welladjusted: to: the ‘mean diurnal revolu- 
tion of the Sun, and as near to the time at: his 
place as conveniently may be; and shaving an 
assistant to watch the clock at the proper. times, 
he must begin to observe the Sun’s eastern limb 
through: his telescope, twenty minutes at, least 
before the computed time of Venus’s totalingress 
upon it, lest there should be an error in the t time 
| thereof, as given by the tables. 

When he perceives a dent (as it were) to nite 
made in the Sun’s limb ‘by the interposition of 
the dark body of Venus, he must then continue. 
to watch her through the telescope as the dent 
increases ; and his assistant must watch the time 
shewn by the clock, till the whole body of the 
planet appears just ‘within. the Sun’s limb: and, 
the moment ‘when the bright limb of the Sun: 
appears close by the east side of the dark limb of 
the planet, the observer, having a little hammer 
in his hand, is to strike a blow therewith» on the 
table or wall, the moment of which, the assistant 
notes by the clock, and writes it down. 

‘Then, let the planet pass on for about 2 hours 
59 ‘minutes, in which time it will be got to the 
middle of its apparent path on the Sun, and con- 
sequently will) then. be atvits least: apparent» dis- 
tance from the Sun’s centre ;.at which time, the 
observer must take its distance from: the Sun’s 
centre, by means of a good micrometer, im order 


s 
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cap, to ascertain its true latitude’ or declination from 
XX. the ecliptic, and ‘thereby find the places of its 


PLATE 
XIV, 
Vig. 5. 


nodes. 

This done, there is but little occasion to ob- 
serve it any longer, until it comes so near 
the Sun’s western limb, as almost to touch it. 
‘Then the observer must watch the planet care-. 
fully with his telescope ; and his assistant must 
watch the clock, so as to note the precise mo- 
ment of the planet’s touching the Sun’s limb, 
which the assistant knows by the observer’s strik- 
ing a blow with his hammer. 

431. The assistant must be very careful in ob- 
serving what minute on the dial-plate the minute- 
hand: has past, when he has observed the second- 
hand at the instant the blow was struck by: the 
hammer ; otherwise, though he be right as to: 
the number of seconds of the current minute, 
he may be apt to make a mistake in the number 
of minutes. 

482. To:those places where the transit begins 
before XII at noon, and ends after it, Venus will : 
have an eastern parallax from the Sun at the be- 
ginning, and a western parallax from the Sun at 
the end: which will contract the duration of the 
transit, by causing it to begin later, and. end soon- 
er at these places, than it does as seen from the — 
Karth’s centre; which may At eaplattieds in i 
following manner, » 

In Fig. 5, of: Plate. XIV, let BM A be the 
Earth) Ve Venus, and § tle Sun, ‘The Earth’s 
motion on its axis from: west to’ easty or in: the 
direction: 4 MB, carries an observer’ on. that 
side contrary to the motion of Venus in her or- 
bit}; whichis in the: direction .U VW, and will 
therefore’ cause her motion to appear: quicker on 
the Sun’s disc, than it would appear to an ob- 
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server placed at the Earth’s centre C, or at either crap, 
of its poles... For, if Venus were. to stand still) *¥!- 
in her orbit at. 7 for twelve hours, the observer ; 
_on the. Earth’s surface would in that time;’be 
carried from 4 to B, through the are 4 WB 
When he; was at. 4, he would see Venus on the 
Sun at & ; ‘whenvat MM, he would see her at; 
and when he was at B, he would’ see her at 7’: 
so that his own. motion would. cause the planet 
to appear 'in motion on ‘the:Sun through the line 
RST: which being in the direction of her ap- 
parent motion on the Sun as she moves im her 
orbit U W, her motion will be accelerated on the 
Sun to this observer, just as much as his own 
motion would shift her apparent place on the 
Sun, if she were at rest.in her orbit at /. ~ 

But as the whole duration of the transit, from 
first to Jast, internal contact, will. not be quite Sx: 
hours; an observer, who has the Sun on his me- 
ridian at the middle-of the transit, will be carried 
only froma to 4 during the: whole time thereof. 
And therefore, the duration, will. be much. less 
contracted by his owmmotion, than if the planet 
were to be twelve hours in passing over the Sun, 
as seen from the Earth’s centre. 

433. The nearer Venus. is to: the Earth, the 
greater is her parallax, and the more: will the 
true duration of her transit be contracted thereby; 
the farther she is from the Earth, the contrary ; 
so that the contraction will be in direct: propor- 
tion to the parallax., Therefore, by observing, 
at proper places, how much the ‘duration of the 
transit is less than its true duration at the Earth’s 
centre, where it is 5 hours 58 minutes, as'given 
by the astronomical tables, the parallax of mean 
will be ascertained. | 
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cHap. © 434. The above method (§ 17, & seq.) is much 

XXII. the same as was prescribed long ago by Doctor 

“v——~ Halley, but the calculations differ’ considerably 

from his; as will appear in the next article, 

which contains a translation of the doctor’s whole 

dissertation on that subject. He-had not com- 

puted his own tables when he wrote it, nor had 

he time before-hand to make a sufficient number 

of observations on the motion of Venus, so as 

to determine whether the nodes: of her orbit 

are at rest or no; and was therefore obliged to 

trust to other tables; which are now found to be 
erroneous. TEI f eR AD 


ARTICLE III. 


Containing Dr. Halley’s Dissertation on the me- 
thod of finding the Sun’s parallax and distance 
Jrom the Earth, by the transit of Venus over 
the Sun’s disc, June 6, 1761. Translated 
Jrom the Latin in Motte’s Abridgment of the 
Philosophical Transactions, Vol. 1, p. 243 3 
with additional notes. 


Apparent | 435. THERE are many things exceedingly para- 
difficulty of doxical, and that seem quite incredible to the illi- 
ingthe  terate, which yet by means of mathematical prin- 
Sun's dis ciples may be easily solved. Scarce any problem 
will appear more hard and difficult, than that of 
determining the distance of the Sun from the 
Earth very near the truth :. but even this, when 
we are made acquainted with some exact ob- 
servations, taken at places fixed upon, and chosen 
before-hand, wil] without much labour be ef- 
fected. And this is what Iam now desirous to 
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lay before this illustrious Society © (which I fore-. CHAP. 
tel will continue for ages), that 1 may explain tc 
before-hand to young astronomers, who may 
perhaps live to observe these things, the method 
whereby the immense distance of the Sun may 

be truly obtained, to within a five hundredth 

part of what it really i is. 

436. It is well known that the distance of the various 
Sun from the Earth is by different astronomers ay 7 
supposed different, according to what was judged estrono- 
most probable from the best conjecture that each 7}<".2Pout 
could form. Ptolemy and his followers, as also of the Sun. 
Copernicus and Tycho Brahe thought it to be 
1200 semidiameters of the Earth: Kepler 3500 
nearly ; Ricciolus doubles the distance mentioned 

by Kepler, and Hevelius only increases it by one 
half. But the planets Venus and Mercury hav- 
ing, by the assistance of the telescope, been seen 
on the disc of the Sun, deprived of their bor- 
rowed brightness, it is at length found that the 
apparent diameters of the planets are much less 
than they were formerly supposed; and that the 
semidiameter of Venus seen from the Sun sub. 

tends no more than a fourth part of a minute, 
or fifteen seconds, whilst the semidiameter of 
Mercury, at its mean distance from the Sun, is 
seen under an angle only of ten seconds; ‘that 
the semidiameter of Saturn seen from the Sun, 
appears under the same angle; and that the se- 
midiameter of Jupiter, the largest of all: the 
planets, subtends an angle of no more than a 
third part of a minute at the Sun. Whence, 
keeping the proportion, some modern astrono- 
mers have them that the semidiameter of the 
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‘cap. Earth, seen from the Sun, would subtend a mean 
XXII." angle between that larger one subtended by Ju- 
piter, and that smaller one subtended by Saturn 
and Mercury ; and equal to that subtended by 
Venus (namely, fifteen seconds): and have 
thence concluded, that the Sun is distant from 
the Earth almost 14,000 of the Earth’s ‘semi- 
diameters. But the same authors have, on an- 
other account, somewhat increased this distance : 
for, inasmuch as the Moon’s diameter is a little 
more than a fourth part of the diameter of the’ 
Earth, if the Sun’s parallax should be supposed 
fifteen seconds, it would follow, that the body of 
the Moon is larger than that of Mercury ; that’ 
is, that a secondary planet would be greater than 
a primary, which would seem inconsistent with’ 
the uniformity of the mundane system. And on 
the contrary, the same regularity and uniformity 
seems scarcely to admit, that Venus, an inferior, 
planet, that has no satellite, should be greater 
than our Earth, which, stands higher in the 
“system, and has such a splendid attendant. 
Therefore, to observe a mean, let us suppose 
the isemidiameter of the Earth seen from the 
Sun, or, which is the same thing, the Sun’s 
horizontal parallax, to be twelve seconds and a 
half; according to which, the Moon will be less 
than Mercury, and the Earth larger than Venus; 
and the Sun’s distance from the Earth will come 
out'nearly 16,500 of the Earth’s semidiameters, 
This distance I assent to at present, as the true 
one, till it shall become certain what it is, by 
the experiment which I propose. | Nor am 1 in- 
duced to alter my opinion by the authority of 
those (however weighty it may be) who are for 
placing the Sun at an immense distance beyond 
the bounds here assigned, relying on observations 
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made upon the vibrations of a pendulum, in or- crap. 
der to determine, those exceeding small angles; **!"" 


but which, as it seems, are not sufficient to be 


depended upon: at least, by this method of in- 


-vestigating the parallax, it will come out,some- 


times nothing, or even negative; that is, the 
distance would either become infinite, or greater 
than infinite; which is absurd. And indeed, to 
confess the truth, itis hardly possible for a man 


to distinguish, with any degree of certainty, se- 


conds, or even ten seconds, with instruments, 
let them be ever so skilfully made: therefore, it 


-is not at-all to be wondered at, that the excessive 


— 


~# 


nicety of this matter has eluded the many and 
ingenious endeavours of such skilful operators. 
43'7. About forty years ago, whilst I was in the When Dr. __ 


alley was 


island of S‘. Helena, observing the stars about observing a 
the south pole, I had an opportunity of observ- ee, 


° be o4° ; ° ercury at 
ing, with the greatest diligence, Mercury passing st. Helena, 
over the disc of the Sun; and (which succeeded leat ¥ 


better than I could have hoped for) I observed, thence’ de. 


. termini 
with the greatest degree of accuracy, by means ("70s 


‘of a telescope 24 feet long, the very moment distance, 


when Mercury, entering upon the Sun, seemed 
to touch its limb within, and also the moment 
when going off, it struck the limb of the Sun’s 
disc, forming the angle of interior contact : 
whence I, found the interval of time, during 
which Mercury then appeared within the Sun’s 


disc,. even without an error of one second of 


time. For the lucid line intercepted between the 
dark limb of the planet and the bright limb of 
the Sun, although exceedingly fine, is seen by the 
eye; and the little dent made in the Sun’s limb, 
by Mercury’s entering the disc, appears to vanish 
in‘a moment ; and also that made by Mercury, 
when leaving the disc, seems to begin in an in- 
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CHAP. -stant.: When I perceived this, it immediately 
Ai a Cato toe : ae : 
came into my mind, that the Sun’s parallax 
might be accurately determined by such kind of 
observations as these; provided Mercury were 
but mearer to the Earth, and ‘had a greater 
parallax from the Sun: but the’ difference of 
these parallaxes is so little, as always to be less 
than the solar parallax which we seek; and there- 
fore Mercury, though frequently to be seen on 
the Sun, is not to be looked upon. as fit for our 
purpose. ay bat GUNG 
The tran- 438; There remains then the transit of Venus 
aitsof Vers over the Sun’s disc, whose, parallax, being almost 
able for de- four times as great as the solar parallax, will cause 
termming . ° . P 
the Sun’s. very sensible differences between the times in 
distance. which Venus will seem to be passing over the 
Sun at different parts of the Earth. And from 
these differences, if they be observed as they 
ought, the Sun’s parallax may be determined 
even to a small part of a second. Nor do we 
require any other instruments for this purpose, 
than common telescopes and clocks, only good 
of their kind; and in the observers, nothing. 
more is needful than fidelity, diligence, and a 
moderate skill in astronomy. For there is no 
need that the latitude of the place should be 
‘scrupulously observed, nor that the hours them- 
selves should be accurately determined with re- 
spect to the meridian: it is sufficient that: the 
clocks be regulated according to the motion of 
the heavens, if the times be well reckoned from 
the total ingress of Venus into the Sun’s disc, ‘to 
the beginning of her egress from it; that. 1s, 
when the dark globe of Venus first begins to 
touch the bright limb of the Sun within ; which 
moments, I know by my own experience, may 
be observed within a second of time. ! 
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 '4$9, But on account of the very strict laws by CHAP. 
vhich the motions of the planets are regulated, Bo gtd 
Venus is seldom seen within the Sun’s disc : and Transits of 
during the ‘course of more than 120 years, it rilpeheag 
could not be seen once ; namely, from the year pen. 
1639 (when this ‘most pleasing sight happened 

to that excellent youth Horrox our countryman, 

and to him only, since the creation) to the year 

1761; im which year, aecording to the theories 

which we have ‘hitherto found agreeable to the 
celestial motions, Venus will again pass over the 

Sun on the ’ 268 of May, in the morning so 

that at London, about six o’clock in the morn- 

ing, we may expect to see it near the middle of 

the Sun’s disc, and not above four minutes of 

a degree south of the Sun’s centre. But the - 
duration of this transit will be almost eight hours ; 
namely, from two o’clock in the morning till 
almost ten. Hence the ingress will not be visible 

in England; but as the Sun will at that time be 

in the 16% degree of Gemini, having almost 23 
degrees north declination, it will be seen without 
setting at all in almost all parts of the north 

frigid zone: and therefore the inhabitants of the 

coast of Norway, beyond the city of Nidrosia, 
‘which is called Drontheim, as far as the North 

cape, will be able to observe Venus entering the 

Sun’s disc; and perhaps the ingress of Venus 

upon the Sua, when rising, will be seen by the 
Scotch, inthe northern parts of the kingdom, 

and by the inhabitants of the Shetland isles, 
formerly called Thule. But at the time when 
Venus will be nearest the Sun’s centre, the Sun 

will be vertical to the northern shores of the bay 


. “* 


7 The Gof June according to the new stile, 


CHAP. 
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** 
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of Bengal. or rather.over the kingdom, of Pegu ; 
and therefore in the adjacent regions, as the Sun, 
when Venus enters, his disc, will be almost four 
hours toward the east, and as many toward the 
west when she leaves him,.the apparent motion 
of Venus on the Sun will be accelerated by al- 
most double the horizontal, parallax of Venus 
from the Sun;. because Venus at, that. time.is 
carried with a retrograde motion from. east to 
west, whilst an eye placed upon the Earth’s 
surface is whirled the contrary way, from west 
to east.® | hig] ly | 


8 This has been already taken notice of in § 432; but I 


shall here endeavour to explain it more at large, together 


PLATE 
XV, 
Fig. Ie 


with some of the following part of the doctor’s essay, by 2 
figure. 7 tts 

In Fig. 1, of Plate XV, let C be the centre of the Earth, 
and Z the centre of the Sun. In the right line Cv Z, make 
vZ to CZ as 720 is to 1015 (§ 420). Let acbhd be the 
Earth, v Venus’s place in her orbit at the time of her con- — 
junction with the Sun; and let 7’SU be the Sun, whose 
diameter is 31’ 42”. . 

The motion of Venus in her orbit is in the direction Nu 7, 
and the Earth’s motion on its axis is, according to the order 
of the 24 hours, placed around it in the figure. ‘Therefore, 
supposing the mouth of the Ganges to be at G, when Venus 
is at E in her orbit, and to be carried from Gto g by the 
Earth’s motion on its axis, whilst Venus moves from E to e 
in her orbit ; it is plain, that the motions of Venus and the 
Ganges are contrary to each other. me 

‘The true motion of Venus in her orbit, and consequently. 
the space she seems to run over on the Sun’s disc in any 
given time, could be seen only from the Earth’s centre Cy 
which is at rest with respect to its surface.. And as seen 
from C, her path on the Sun would be in the right line 
Lt Uy; and her motion therein at the rate of four minutes 
of a degree in an hour. 7’is the point of the Sun’s eastern 
limb, which Venus seems to touch at the moment, of her 
total gress on the Sun, as seen from C,.when Venus is at 
£ in her orbit ; and U is the point of the Sun’s western limb, 
which she seems to touch at the moment of her beginning 

1. 


* 
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440. Supposing the Sun’s parallax (as we have 


é 


CHAP: 
XXILL. 


said) to be 12%” the parallax of Venus will be 43’; 


of egress from the Sun, as seen from C, when she is'at e in 


her orbit. . 

When the mouth of the Ganges is at m (in revolving 
through the arc Gm) the Sun is on its meridian. There. 
fore, since Gand g are equally distant from m at the begin« 
ning and ending of the transit, it is plam that the Sun will 
be as far east of the meridian of the Ganges (at G) when 


‘the transit begins, as it will be west of the meridian of the 


same place (revolved from G to 8) when the transit ends. 
But although the beginning of the transit, or rather the 
moment of Venus’s total ingress upon the Sun at /, as seen 
from the Earth’s centre, must be when Venus is at & in her 
orbit, because she is then seen in the direction of the right 
line CET’; yet at the same instant of time, as seen from 
the Ganges at G, she will be short of her ingress on the Sun, 
being then seen eastward of him, in the right line GE K, 
which makes the angle K ET (equal to the opposite angle 
GEC), with the right line CHT. This angle ts called the 
angle of Venus’s parallax from the Sun, which retards the 
beginning of the transit as seen from the banks of the 
Ganges ;,so that the Ganges G, must advance a little farther 
towards m, and Venus must move on in her orbit from E to R, 


before she can be seen from G (in the right lne GAT) 


wholly within-the Sun’s disc at 7. 
When Venus comes to e in her orbit, she will appear at 
U, as seen from the Earth’s centre C, just beginning to leave 


- the Sun; that is, at the beginning of her egress from his 


western limb; but-at the same instant of time, as seen from 
the Ganges, which is then at g, she will be quite clear of 
the Sun towards the west; being then seen from g in the 
right line ge L, which makes an angle, as Ue L (equal to 
the opposite angle Ce g) with theright line Ce U: and this 
is the angle of Venus’s parallax from the Sun as seen from 
the Ganges at ¢, when she is but just beginning to leave the 
Sun at U, as seen from the Earth’s centre C. : 
Here it is plain, that the duration of the transit about the 
mouth of the Ganges (and also in the neighbouring’ places ) 
will be diminished by about double the quantity of Venus’s 
parallax from the Sun at the beginning and ending of the 
transit. For Venus must be at # in her orbit when she is 


wholly upon the Sun at 7, as seen from the Earth’s centre . 


(: but at that time she is short of the Sun as seen from 


Fol. C1. EB 
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from which subtracting the parallax of the Sun, | 


there will remain 30” at least for the horizontal 
parallax of Venus from the Sun; and therefore 
the motion of Venus will be increased 45” at 
least by that parallax, whilst she passes over the 


_Sun’s disc, in those elevations of the pole which 


are in places near the tropic, and yet more ‘in 
the neighbourhood of the equator. Now, Venus 
at that time will move on the Sun’s disc, very 
nearly at the rate of four minutes of a degree in 
an hour; and therefore eleven minutes of time 
at least are to be allowed for 45°, or three fourths 
of a minute of a degree; and by this space of 
time, the duration of this eclipse caused by Venus 
will, on account of the parallax, be shortened. 
And from this shortening of the time only, we 
might safely enough draw a conclusion concern- 
ing the parallax which we are in search of, pro- 
vided the diameter of the Sun, and the latitude 


the Ganges at G, by the whole quantity of her eastern pa- 
rallax from the Sun at that time, which is the angle K ET. 
{ This angle, in facet, is only 23”; though it is represented 
much larger in the figure, because the Earth therein is a vast 
deal too big.] Now, as Venus moves at the rate of 4’ in 
an hour, she will move 23” in 5 minutes 45 seconds: and, 
therefore, the transit will be 5 minutes 45. seconds later of 
beginning at the banks of the Ganges than at the Earth’s 
centre. When the transit is ending at U, as seen from the 
Earth’s centre at C, Venus will be quite clear of the Sun 
(by the whole quantity of her western parallax from him) 
as seen from the Ganges, which is then at g: and this paral- 
lax will be 22”, equal to the space through which Venus 
moves in 5 minutes 30 seconds of time: so that the transit 
will end 5% minutes sooner as seen from the Ganges, than as 
seen from the Earth’s centre. 

Hence the whole contraction of the duration of the transit 


at the mouth of the Ganges will be 11 minutes 15 seconds 


of time: for it is 5 minutes 45 seconds at the beginning, and 


5 minutes 30 seconds at the end. 
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of Venus, were accurately known. But we can- cuiap. 

not expect an exact computation in a matter of *X'I! 

such subtility. | OR aaaa 
441. We must endeavour therefore to obtain, if 

possible, another observation, to be taken in 

those places where Venus will be in the middle 

of the Sun’s disc at midnight ; that is, in places 

under the opposite meridian to the former, or 

about six hours or ninety degrees west of Lon- 

don; and where Venus enters upon the Sun a 

little before its setting, and goes off a little after 

its rising. And this will happen under the above- 

mentioned meridian, and where the elevation of 

the north pole is about 56 degrees; that is, ina 

part of Hudsons Bay, near a place called Port- 

Nelson. For, in this and the adjacent places, | 

the parallax of Venus will increase the duration 

of the transit by at least six minutes of time ; 

because, whilst the Sun, from its setting to its 

rising, seems to pass under the pole, those places 

on the Earth’s disc will be carried with a motion 

from east to west, contrary to the motion of the 

Ganges ; that is, with a motion conspiring with 

the motion of Venus; and therefore Venus will 

seem to move more slowly on the Sun, and to be 

longer in passing over his disc.® 


9 In Fig. 1, of Plate XV, let a C be the meridian of the ppade 

eastern mouth of the Ganges: and J C the meridian of Port-XvV, Fig.1. 
Nelson at the mouth of York River in Hudsons Bay, 56° 
north latitude. As the meridian of the Ganges revolves 
from a toc, the meridian of Port-Nelson will revolve from 
i tod: therefore, whilst the Ganges revolves from G to g, 
through the arc Gmg, Port-Nelson revolves the contrary 
way (as seen from the Sun or Venus) from P to p through 
the arc Pnp. Now, as the motion of Venus is from £ to 
_e¢ in her orbit, while she seems to pass over the Sun’s disc in 
the right line 7's U, as seen from the Earth’s’centre C, it is 


E2 . 


CHAP. 
XXII, 
Neem mona 


68 The Meihod of finding the Distances 


44.2. If therefore, it should happen that this transit’ 
should be properly observed by skilful persons at 
both these places, it is clear, that the duration 
thereof will be 17 minutes longer, as seen from 
Port-Nelson, than as seen from the East Indies. 
Nor is it of much consequence if the English 
shall at that time give any attention to this affair ) 
whether the observation be made at Fort-George, 
commonly called Madras, or at Bencoolen’ on 
the western shore of the island of Sumatra, near 
the equator. But if the French should be dis- 
posed to take’any pains herein, an observer may 
station himself conveniently enough at Pondi- | 


4 


ee 


plain, that whilst the motion of the Ganges is contrary to’ 
the motion of Venus in her orbit; and thereby shortens the’ | 
duration. of the transit at that place, the motion of Port- 
Nelson is the same way as-the motion of Venus, and will, 
therefore,: increase the duration of the transit: which may 
in some degree be illustrated by supposing, that whilst a | 
ship is under sail, if two birds fly along the side of the ship 
im contrary directions to.each other, the bird which flies 
contrary to the motion of the ship will’ pass by it sooner 
than the bird will, which flies the same way that the ship’ 
moves. | | 
In fine, it is plain by the figure, that the duration of the’ 
transit must be longer as seen from Port-Nelson, than as,seen 
from the Earth’s centre ; and longer as seen from the Earth’s 
centre, than as seen from the mouth of the Ganges. For 
Port Nelson must' be at P, and Venus at NV in her orbit, 
when she appears wholly within the Sun at 7’: and the! same: 
place must be at p, and Venus at 7, when she appears at U, . 
beginning’ to. leave the Sun. T’he Ganges must be at G,. 
and Venus at #, when she is seen from G upon the Sun at’. 
T ; and the same place must be at g, and Venus at r, when - 
she begins to leave the Sun at’ U, as seen from g. So that 
Venus must move from MV to 7 in her orbit, whilst. she is seen’. 
to pass over the Sun from Port-Nelson; from E to e in. 
passing ever the Sun, as seen from the Earth’s centre; and - 
only from # to r whilst she passes over the Sun, as seen from 
the banks of the Ganges. Jue 
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cherry on the west shore of the bay of Bengal, crap, 
where the altitude of the pole is about twelve de- **!- 
grees. As to the Dutch, their celebrated mart 
at Batavia will afford henna place of observation 
fit enough for this purpose, provided they also 
have but a disposition to assist in advancing, in 
this particular, the knowledge of the heavens. 
And indeed I could wish that many observations 
of the same phenomenon might be taken by dit- 
ferent persons at several places, both that we 
might arrive at a greater degree of ‘certainty by 
their agreement, and also lest any single observer 
should be deprived, by the intervention-of clouds, 
of a sight, which I know not whether any man 
living in this or the next age will ever see again; 
and on which depends the certain and adequate 
solution of a problem the most noble, and at any 
other time not to be attained to. I recommend 
it, therefore, again and again, to those .curious 
astronomers, who (when I.am dead) will have 
an opportunity of observing these things, that — 
“they would remember’ this my’admonition, and 
diligently apply themselves with all their might 
‘to the making this observation; and I earnestly 
wish them all imaginable success; in ‘the first 
place that they may not, by the unseasonable 
obscurity of a cloudy sky, be deprived of this 
most desirable sight 3’ and then, that having as- 
‘certained with more exactness the. magnitudes of 
‘the planetary orbits, it. may redound to’ their i im’ 
‘mortal fame and glory. pokweod G 
> 443. We have now’shewn,. leak by eid wnethod 
» the Sun’s parallax may be Pek to: within its 
tless will appear 
“wonderful to some. * But if’an' accurate’observa- 
‘tion be made in each of the places above marked 
put, we have already demonstrated that-the dura- 
ES 
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—e@uap. tions of this eclipse made by Venus, will differ 
‘XXII from each other by 17 minutes of time ; that is, 


upon a supposition that the Sun’s parallax is 122". 
But if the difference shall be found by observa- 
tion to be greater or less, the Sun’s parallax will 
be greater or less, nearly in the same proportion. 
And since 17 minutes of time are answerable to’ 
12+ seconds of solar parallax, for every second 
of parallax there will arise a difference of more 
than 80 seconds of time; whence, if we have 
this difference true to two seconds, it will be 
certain what the Sun’s parallax is, to within a 


40™ part of one second; and therefore his dis- 


tance will be determined to within its 500" part 
at least, if the parallax be not found less than 
what we have supposed: for 40 times 123 aoa? 
500. 

444, And nowI think Ihave explainedthis matter 
fully, and even more than I needed to have done, 
to those who understand astronomy : and I would 
have them take notice, that on this occasion, J 
have had no regard to the latitude of Venus, 
both to avoid the inconvenience of a more in- 
tricate calculation, which would render the con- 
clusion less evident ; and also because the motion 
of the nodes of Venus i is not yet discovered, nor 
can be determined but by such. conjunctions of 
the planet with the Sun as this is. For we con- 
clude that Venus will pass four minutes below 


the Sun’s centre, only in consequence of the 


supposition that the plane of Venus’s orbit is m- 
moveable in the sphere of the fixed stars,’ and 
that.its nodes remain in the same places where 
they were found in the year 1639. But if Venus, 
in the year 1761, should move over the Sun in 
a path more to the south, it will be manifest that 
her nodes have moved backward among the fixed 
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stars; and if more to the north, that they have crap. 
moyed forward ;’ and that at the rate of 5+ mi- **!L 
nutes of a degree in 100 Julian years, for every 
minute that Venus’s path shall be more or less . 
distant than the above-said four minutes from the 
Sun’s centre. And the difference between the 
durations of these eclipses will be somewhat less 
than 177 minutes of time, on account of Venus’s 
south latitude ; but greater, if by the motion of 
the nodes forward she should pass on the north 
of the Sun’s centre, 

But for the sake of those, who, though they | 
are delighted with sydereal observations, maj 
not yet have made themselves acquainted th 
the doctrine of parallaxes, I choose to explain the 
thing a little more fully by a scheme, and also by 
a calculation somewhat more accurate. 

44.5, Let us suppose that at London, in the year 
1761, on the 6™ of June, at 55 minutes after V 
in the morning, the Sun will be in Gemini 15° 
37, and therefore that at its centre the eliptic is 
inclined toward the north, in an angle of 6° 10: 
and that the visible path of Venus on the Sun’s 
disc at that time declines to the south, making 
an angle with the ecliptic of 8° 28’: then the 
path of Venus will also be inclined to the south, 
with respect to the equator, intersecting the pa- 
rallels of declination at an angle of 2° 18'}. 


* "This was an oversight in the doctor, occasioned by his 
placing both the Earth’s axis B Cg (Fig. 2, of PlateXV),Prate | 
and the axis of Venus’s orbit C H on the same side of the XV> Fig.2 , 
axis of the ecliptic CK; the former making an angle of 
6° 10’ therewith, and the latter an angle of 8° 28’; the dif- 
ference of which angles is only 2°18’. But the truth is, 
that the Earth’s axis, and the axis of Venus’s orbit, will 
then lie on different sides of the axis of the ecliptic, the 
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‘CHAP Let us also suppose, that Venus, at the fore- 


XII. 


mentioned time, will be at her least distance 
from the Sun’s centre, viz. only four minutes 
to the south; and that every hour she will de- 
scribe a space of four minutes on the Sun, with 
a retrograde motion. The Sun’s semidiameter . 
will be 15° 51” nearly, and that of Venus 37+. 
And let us suppose, for trial’s sake, that the dif- 
ference of the horizontal parallaxes of Venus 
with the Sun (which we want) is $1”, such as it | 
comes out if the Sun’s spa be supposed 122”. 


pcatexv, Then, on the centre C (Plate XV, Fig. 2), let 


Fig. 2 


the little circle 4 B, representing the Earth's 
disc, be described, eas let its semidiameter C B 
be 31”; and let the elliptic parallels of 22 and 
56 degrees of north latitude (for the Ganges and 
Port-Nelson) be drawn within it, in the manner 
now used by astronomers for constructing solar 
eclipses. Let BC g be the meridian in which 
the Sun is, and to this, let the right line F AG, 
representing the path of Venus, be inclined at 
an angle of 2°.18'; and let it*be distant from the 
centre € 240 such parts, whereof CB is 31. 

From C let fall the right line  H, perpendicular 
to FG; vand suppose Venus to be at A at 55 
minutes after V in“the. morning. Let the right 
line F HG be divided into’ the horary spaces 
HE TVS TVs We VS ‘&c. each mie to" O47 ; 

that is, to re minutes of a degr Also, let 
the right line Z M be equal to the anereaae of 
the apparent semidiameters of the Sun and Venus, 


former nate an angle of 6° therewith, ac the latter an 
angle of 3%. Therefore,’ the sum of these angles, which is 
144" (and ° ‘pk thei difference 2° 18') is the inclination of 


-,Venus’s visible path to the equator and parallels, of dgclina- | 
tion. 


e 
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which is 15° 132”; anda circle being described 
with the radius L M, on a centre taken in any 
point within the little circle 4 6 representing the 
Earth’s disc, will meet the nght line #G in a 


CHAP. 
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point denoting the time at handin when Venus | 


shall touch the Sun’s limb internally, as seen from 


_ the place of the Earth’s surface that answers to 


the point assumed in the Earth’s disc. And if a 
circle be described on the centre C, with the 
radius LM, it will meet the night line FG, in 
the points £ and G3; and the spaces # HZ and 
G H will be each equal to 14 4’, which space 
Venus will appear to pass over in three hours 
40 minutes of time at London; therefore, F' will 
fall in two hours 15 minutes, and G in nine hours 
35 minutes in the morning. Whence it is mani- 
fest, that if the magnitude of the Earth, on ac- 
count of its immense distance, should vanish as 
it were into a point; or, if being deprived of a 
diurnal motion, it should always have the Sun 
vertical to the same point C’; the whole duration 
of this eclipse would be seven hours 20 minutes. 
But the Earth in that time being whirled through 


110 degrees of longitude, with a motion con- 


trary to the motion of Venus, and consequently 
the above-mentioned duration being contracted, 
suppose 12 minutes, it will come out seven hours 
eight mmutes, or 107 degrees, nearly. 

446. Now, Venus will be at H, at her least dis- 
tance from the Sun’s centre, dicta in the meridian 
of the eastern mouth of the Ganges, where the 
altitude of the pole is about 22 degrees. The 


Sun therefore will be equally distant from the 
‘meridian of that place, at the moments of the 


» Ingress and egress of the planet, viz. 53+ ‘degrees ; 


as the points a and (representing that placein 
the Earth’s disc /.B) are, in the greater parallel, 
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cuap. from the meridian BC g. But the diameter ef 
os: of that parallel will be to the distance a b, as the 
square of the radius to the rectangle under the 
sines of 53+ and 68 degrees; that is, as 1’ 2” to 
46° 13”, And by a good calculation (which, 
that I may not tire the reader, it is better to 
omit), I find, that a circle described ona asa 
centre, with the radius Z MM, will meet the right 
line FH in the pomt JM, at two hours 20 minutes 
40 seconds ; but that being described round 6 as 
a centre, it will meet HG in the point WV at nine 
hours 29 minutes 22 seconds, according to the 
time reckoned at London: and therefore, Venus 
will be seen entirely within the Sun at the banks 
of the Ganges for 7 hours 8 minutes 42 
seconds : we have then rightly supposed, that the 
duration will be 7 hours 8 minutes, since the 
part of a minute here is of no consequence. 

But adapting the calculation to Port-Nelson, 
I find, that the Sun being about to set, Venus 
will enter his disc; and immediately after his 
rising she will leave the same. ‘That place is 
carried in the intermediate time through the 
hemisphere opposite to the Sun, from ¢ to d, 
with a motion conspiring with the motion of 
Venus; and therefore, the stay of Venus on the 
Sun will be about 4 minutes longer, on ac- 
count of the parallax ; so that it will be at least 
7 hours 24 minutes, or 111 degrees of the 
equator. And since the latitude of the place is 
56 degrees as the square of the radius is to the 
rectangle contained under the sines of 55> and 34 
degrees, sois JB, which is 1’ 2” 5 toc d, which 
is 28’ 33”. And if the calculation be justly 
made, it will appear, that a circle described on ¢ 
aS acentre, with the radius 4M, will meet the 
right line #'H in O, at-2 hours 12 minutes 45 
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seconds ; and that such acircle, described on d cap. 
as a centre, will meet HG in P, at 9 hours *X#I- 
36 minutes 37 seconds; and therefore the dura- 

tion at Port-Nelson will be 7 hours 23 minutes 

52 seconds, which is greater than at the mouth 

of the Ganges, by 15 minutes 10 seconds of 

time. But if Venus should pass over the Sun 
without having any latitude, the difference would 

be 18 minutes 40: seconds; and if she should 

pass 4’ north of the Sun’s centre, the difference 
would amount to 21 minutes 40 seconds, and. 

will be still greater, if the planet’s north latitude 

be more increased. 

447. From the foregoing hypothesis it follows, 
that at London, when the Sun rises, Venus will 
have entered his disc ; and that, at g hours 37 
minutes in the morning, she will touch the limb 
of the Sun internally in going off; and, lastly, 
that she will not entirely leave the Sun till 9 
hours 56 minutes. _ 

448. Itlikewise follows, fromthesame hypothesis, 
that the centre of Venus should just touch the 
Sun’s northern limb in the year 1769, on the — 
34 of June, at 11 o’clock at night. So that, on 
account of the parallax, it will appear in the 
northern parts of Norway, entirely within the 
Sun, which then does not set to those parts; . 
whilst, on the coasts of Peru and Chili, it will 
seem to travel over a small portion of the disc of 
the setting Sun; and over that of the rising Sun 
at the Molucca islands, and in their neighbour- 
hood. But if the nodes of Venus be found to 
have a retrograde motion (as there is some rea- 
~ son to believe, from some later observations, they 
have) then Venus will be seen everywhere, within 
the Sun’s disc; and will afford a much better 
method for finding the Sun’s parallax, by almost 
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‘crap, the greatest difference in the duration of these 
“XXIII eclipses that:can possibly happen.’ | 
But how this parallax may be deduced from 

observations made somewhere in the East Indies, 
in the year 1701, both of the ingress and egress 
of Venus, and compared with those made in its 
going off with us; namely, by applying the angles 
of a triangle given in specie to the circumference 
of three equal circles ; shall be explained on eee 
ether occasion. 


ARTICLE Iv. 


Shewing that the whole method proposed by the 
Doctor cannot be put in practice, and why. — 


Remarks 449. In the above dissertation, the doctor has 
_ onDr. Hal-explained his method with great modesty, and 
-.ley’sDisser- 
tation, even with some doubtfulness with regard to its 
full success. For he tells us, that the Sun’s pa- 
rallax may only be determined within its five 
hundredth part thereby, provided ‘it be not less 
than 122”; that there may be a good observation 
made at Port-Nelson, as well as about the banks 
of the Ganges; and that Venus does not pass 
more than four minutes of a degree below the 
centre of the Sun’s‘disc. He has taken all proper 
pains not to raise our expectations too high, and 
yet, from his well known abilities and character 
‘aS a great astronomer, it seems mankind in ge- 
meral have laid greater stress upon his method, | 
than he ever desired them to do. Only, as he 
was convinced it was the best’ method by which 
this important problem can ever be solved, he 
recommended it warmly for that reason. He. 
had not then made a sufficient number of ob. — 
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servations, whereby to determine, with certainty, CHAP. 
whether the nodes of Venus’s orbit have any _**! 
motion at all; or if they have, whether it be 
backward or forward with respect to the stars; 
and, consequently, having not then made his 
own tables, he was obliged to calculate from the 
best that he could find. But those tables allow: 
of no motion to Venus’s nodes, and also reckon 
her conjunction with the Sun to be about half an 
hour too late. : f 

450. But more modern observations prove, 
that the nodes of Venus’s orbit have a motion, 
backward, or contrary to the order of the signs, 
with respect to the fixed stars. And this motion 
is allowed for in the doctor’s tables, a great part 
whereof were made from his own observations. 
And it appears by these tables, that Venus will 
be so much farther past her descending node at 
the time of this transit, than she was past her 
ascending node at her transit in November 1639, 
that instead of passmg only four minutes of a 
degree below the Sun’s centre in this, she will 
pass almost 10 minutes of a degree below it: on 
which account, the line of her transit will be so 
much shortened, as will make her passage over 
the Sun’s disc about an hour and 20 minutes less 
than if she passed only 4 mimutes below the 
Sun’s centre, at the middle of her transit. And, 
therefore, her parallax from the Sun will be so 
much diminished, both at the beginning and end of 
her transit, and at all places from which the whole 
of it will be seen, that the difference of its dura- 

tions, as seen from them, and as supposed to be 
- seen from the Earth’s centre, will not amount to 
11 minutes of ‘time. 

451. But this is not all: for although the 
transit will begin before the Sun sets to Port. 
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Nelson, it will be quite over before he rises to 
that place next morning, on account of its end- 
ing so much sooner than as given’ by the tables 
to which the doctor was obliged to trust. So 
that we are quite deprived of the advantage that 
otherwise would have arisen from observations 
made at Port-Nelson. 

452. In order to trace this affair through all its 
intricacies, and to render it as intelligible to the 
reader as I can, there will be an unavoidable ne- 
cessity of dwelling much longer upon it than I 
could otherwise wish. And as it is impossible to 
lay down truly the parallels of latitude, and the 


Situations of places at particular times, in such a 
small disc of the Earth as must be projected in 


such a sort of diagram as the doctor has given, 
so as to measure thereby the exact times of the 
beginning and ending of the transit at any given 
place, unless the Sun’s disc be made at least 30 
inches diameter in the projection ; and to which 
the doctor did not quite trust without making 
some calculations ; I shall take a different method, 
in which the Earth’s disc may be made as large 
as the operator pleases : but if he makes it only 
six inches in diameter, he may measure the quan- 
tity of Venus’s parallax from the Sun upon it, 
both in longitude and latitude, to the fourth part 
of a second, for any given time and place; and 
then, by.an easy calculation in the common rule 
of three, he may find the effect of the parallaxes 
on the duration of the transit. In this, I shall 
first suppose with the doctor, that the Sun’s 
horizontal parallax is 122”; and, consequently, 
that Venus’s horizontal parallax from the Sun is 
31". And after projecting the transit, so as to 
find the total effect of the parallax upon its dura- 
tion, I shall mext shew how nearly the Sun’s real 
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parallax may be found from the observed inter- CHAP. 
vals between the times of Venus’s egress from, niga 
the Sun, at particular places of the Earth ; which : 
is the method now taken both by the English and 

French astronomers, and is a surer way whereby 

to come at the real quantity of the Sun’s parallax, 

than by observing how much the whole contrac- 

tion of duration of the transit is, either at Ben- 
coolen, Batavia, or Pondicherry. 


ARTICLE V. 


Shewing how to project the transit of Venus om 

- the Sun’s disc, as seen from different places of 
the Earth; so as to find what tts visible dura- 
tion must be at auy given place, according to 
any assumed parallax of the Sun; and from 
the observed intervals between the times of 
Venus’s egress from the Sun at. particular 
places, to find the Sun’s true horizontal pa- 
rallax. 


453. The elements for this projection are as Elementsst 
follow.— the transut 
of Vcmus. 
I. The true time of conjunction of the Sun and 
Venus; which, as seen from the Earth’s centre, 
and reckoned according to the equal time at 
London, is on the 6" of June 1761, at 46 mi- 
nutes 17 seconds siter V in the morning, ac- 
cording to Dr. Halley’s tables. 
I. The geocentric latitude of Venus at that time, 
9' 43, south. 
Ill. The Sun’s semidiameter, 15’ 50". 
1V. The semidiameter of Venus (from the Doc- 
tor’s Dissertation) 372". 
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CHAP. V. The Biebenns of the semidiameters of the — 


XXII. 
Neceaeey ae sor 


~ 


Method of 


Sun and Venus 15° 122", 


VI. Their sum, 16’ 272”. 
VIL.-The visible angle y which the transit-line makes 


with the ecliptic, 8° 31’; the angular point 


(or descending node) being 1° 6 18” eastward 
from the Sun, as seen from the Earth; the 
descending node being in f 14° 29° Bi", 
as seen from the Sun; and the. Sun in 
m 15° 35’ 55%, as seen from the Earth. 


VIII. The angle which the axis of Venus’s vi- 


I< 


sible path makes with the axis of the ecliptic, 
8° 31’; the southern half of that axis being 
on the left hand (or eastward) of the axis of 
the ecliptic, as seen from the northern hemi- 
sphere of the Earth, which would be to the 
right hand, as seen from the Sun, 

. The angle which the Earth’s. axis makes 
with the axis of the ecliptic, as seen from the 
Sun, 6°; the southern half of the Earth’s axis 
lying to the right hand of the axis of the 
ecliptic, in the projection ; which would be to 
the left hand as seen from the’ Sun. iy 


X. The angle which the Earth’s axis:makes with 


the axis of Venus’s visible-path, 14°. 313 viz. 
the sum of N° VIII and IX. 


XI. The true motion of Venus on the Sun, given 


by the tables as if it were seen from the Harth’s 
centre, 4 minutes of a degree in 60 minutes 
of time. 


454. These elements being collected, make a 


projecting scale of any convenient length, as that of Fig. Ty 
in Plate X VI, and divide it into 17 equal parts, 
each whereof shall be taken for a minute of 4 


transits. 
PLATE 
XVI, 

‘Fig. 2. 


_ degree ; then, divide the minute next to the left 


hand into 60 equal parts for seconds, by diago- 
nal lines, as in the figure. The reason for “di- | 
viding the scale into 17 parts or minutes is, be- 


at 
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cause the sum of the semidiameters of the Sun cmap. 
and Venus exceeds 16 minutes of a degree.— **"" 
See N° VI. Method, of 
_ 455. Draw the right ee ACG (Fig. 2) for Proecting 
a small part of the ecliptic, and perpendicular Prats 
thereto draw the right line Cv EF for the axis of XV". 
the ecliptic on the southern half of the sun’s disc. 

456. Take the Sun’s semidiameter, 15’ 50’, 
from the scale with your compasses ; and with 
that extent, asa radius, set one foot in Cas a 
centre, and describe the semicircle 4 EG for 
the southern half of the Sun’s disc; because the 
transit is on that half of the Sun. 

457. Take the geocentric latitude of Venus, 
9’ 43”, from the scale with your compasses ; and 
set that extent from Cto v, on the axis of the 
ecliptic: and the point v shall be the place of 
Venus’s centre on the Sun, at the tabular mo- 
ment of her conjunction with the Sun. 

458. Draw the right line CB D, making an 
~ angle of 8° 31’ with the axis of the ‘ecliptic, to- 
wards the left hand; and this line shall represent 
the axis of Venus’s geocentric visible path on the 
sun. | 

A59. Through the point of the conjunction v, in 
the axis of the ecliptic, draw the right line gir 
for the geocentric visible path of Venus over the 
Sun’s disc, at right angles to CB D, the axis of 
her orbit, which axis will divide the line of her 
‘path into two equal parts g¢ and ¢r. 

oss Take Venus’s horary motion on the Sun, 

from the scale with your compasses; and 
et that extent make marks along the transit- 
line gtr. The equal spaces, from mark to 
mark, shew how much of that line Venus moves 
through in each hour, as seen from the Earth’s 
COORG: during her continuan¢e on the Sun’s disc. 
fiver es : 


» Zo 
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CHAP. 461. Divide each of these horary spaces, from 
*XNT mark to mark, into 60 equal parts for minutes 
Method of of time ; and set the hours to the proper marks 
project?s in such a manner, that the true time of conjunc- 
Prater tion of the Sun and Venus, 46+ minutes after 
xy, Vin the morning, may fall into the point v, 
& "where the transit-line cuts the axis of the eclip- 
tic. So the point v shall denote the place of 
Venus’s centre on the Sun, at the instant of her 
ecliptical conjunction with the Sun, and ¢ (in the 
axis CtD of her orbit) will be the middle of 
her transit; which is at 24,minutes after V in 
the morning, as seen from the Earth’s centre, 
and reckoned by the equal time at London. . 
462. Take the difference of the semidiameters 
of the Sun and Venus, 15’ 12+", in your com- 
passes from the scale; and with that extent, set- 
ting one foot in the Sun’s centre C, describe the 
arcs JV’ and 7’ with the other, crossing the tran- 
sit-lme in the points £4 and 7; which are the 
points on the Sun’s disc that are hid by the | 
centre of Venus at the moments of her two in- 
ternal contacts with the Sun’s limb or edge, at 
Mand NN: the former of these is the moment of 
Venus’s total ingress on the Sun, as seen from 
the Earth’s centre; which is at 28 minutes after 
II in the morning, as reckoned at London ; and 
the latter is the moment when her egress from 
the Sun begins, as seen from the Earth’s centre, 
which is 20 minutes after VIII in the morning at 
London.’ The interval between these two con- 
tacts is 5 hours 52 minutes. | 
463. The central ingress of Venus on the Sun 
is the moment when her centre is on the Sun’s 
eastern limb at «, which is at 15 minutes after II 
in the morning ; and her central-egress from the 
Sun is the momentwhen her centre 1s on the Sun’s 
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western limb at w; which is at 33 minutes after cHap. 
VIII in the morning, as seen from the Earth’s, mule 
centre, and reckoned according to the time at Method of 
London. ‘The interval between these times is 6 Proectins 
hours 18 minutes, . Prats 
464. Take the sum of the semidiameters of the Fol 
Sun and Venus, 16’ 272”, m your compasses S 
from the scale ; and with that extent, setting one 
foot in the Sun’s centre CG, describe iW arcs Q 
and # with the other, cutting the transit-line in 
the points g and r, which are the points in open 
space (clear of the Sun) where the centre of 
Venus is, at the moments of her two external © 
contacts with the Sun’s limb at S and W; or 
the moments of the beginning and ending of the 
transit, as seen from the Earth’s centre; the 
former of which is at 3 minutes after-II in the 
morning at London, and the latter at 45 minutes 
after VIII. The interval between these moments 
is 6 hours 42 minutes. 
465. Take the semidiameter of Venus 372”, in 
‘your compasses from the scale; and with that 
extent asaradius, on the points g,/,t,/,r, as cen- 
tres, describe the circles AS, M/, OF, PN, WY, 
for the disc of Venus, at her first contact at S, 
her total ingress at MM, her place on the Sun at 
the middle of her transit, her bastining of egress 
at JV, and her last contact at &. | 
466. ‘Those who have a mind to project the 
_ Earth’s disc on the Sun, round the centre C, and 
to lay down the parallels of latitude and situations 
of places thereon, according to Dr. Halley’s me- 
thod, may draw Cf for the axis of the earth, 
produced to the southern edge of the Sun at /; 
and making an angle EC f of 6° with the axis 
of the ecliptic ( #: but he will find it very dif- 
ficult and uncertain to mark the places on that 
Fg 
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cHap. disc, unless he makes the Sun’s semidiameter 
*XII- 4 CG 15 inches at least: otherwise the line Cf is 
Method of Of no use at all in this projection. ‘The follow- 
Projecting ing method is better. 
Prite 467. In Fig. 3, of Plate XVI, make the line 
tn, <8 of any convenient length, and divide it into 
31 equal parts, each whereof shall be taken for 
-a second of Venus’s parallax either from or up- 
on the Sun (her horizontal parallax from the 
Sun being supposed to be 31”); and taking the 
whole length AB in your compasses, set one 
foot in C (Fig. 4) as a centre, and describe the 
circle 4 # BD forthe Earth’s enlightened disc, 
whose diameter is 62", or double the horizontal 
parallax of Venus fons the Sun. In this. disc, 
draw ACB for a small part of the ecliptic, and 
at right angles thereto draw ECD for the axis 
of the ecliptic. Draw also NCS both for the 
Farth’s axis and universal solar meridian, mak- 
ing an angle of 6° with the axis of the ecliptic, 
as seen from the Sun; ACT for the axis of 
Venus’s orbit, making an angle of 8° 31’ with 
ECD, the axis of the ecliptic 5. and lastly, VCO 
for a small part of Venus's orbit, at right angles 
to its axis. 
4G8. This figure represents the Earth’s en- 
lightened dise, as seen from the Sun at the time 
of the transit. The parallels of latitude of Lon- 
_ don, the eastern mouth of the Ganges, Bencoo- 
len, and the island of S‘. Helena, are laid down 
in it, in the same manner as they would appear 
to an observer on the Sun, if they were really 
drawn in circles on the Earth’s surface (hke those 
on a common terrestrial globe), and could be 
visible at such a distance. The method of deli- 
neating these parallels Is the same. as already de- 
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scribed in the 19" Chapter, for the construction CHAP. 
of solar eclipses. pine ib 
469. The points where the curve-lines (called Method of 
hour-circles) XI N, X N, &c. cut the parallels hroiectins 
of latitude, or paths of the four places above Piarz 
mentioned, are the points at which the places *¥* 
themselves would appear in the disc, as seen from pe 
the Sun, at these hours respectively. When 
either place comes to the solar meridian NCS 
by the Earth’s rotation on its axis, it is noon at 
that place; and the difference, in absolute time, 
between the noon at that place and the noon at 
any other place, is in proportion to the difference 
of longitude of these two places, reckoning one 
hour for every 15 degrees of longitude, and 4 
minutes for each degree: adding the time if the 
longitude be east, but subtracting it if the longi- 
tude be west. 
4'70. The distance of either of these places from 
HCI, the axis of Venus’s orbit at any hour 
or part of an hour, being measured upon the 
scale 4 B in Fig. 3, will be equal to Venus’s 
parallax in longitude; either on or from the 
Sun ; and this parallax, being always contrary to 
the position of the place, is eastward as long as 
the place keeps on the left hand of the axis of 
the ecliptic, as seen from the Sun; and west- 
ward when the place gets to the right hand of 
the axis of the ecliptic. So that, to all the places 
which are posited in the hemisphere HVJ of 
the disc, at any given time, Venus has an eastern 
parallax of longitude ; but when the Earth’s di. 
urnal motion carries the same places into the he- 
misphere HO J, the parallax of Venus is west- 
ward. 
471. When Venus has a parallax toward the 
east, as seen from any given ae on the Harth’g 
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slide surface, either at the time of her total ingress or 

|, beginning of egress, as seen from the Earth’s 

Method of centre ; add the time answering to this parallax 
proiccung to the time of ingress or egress at the Earth’s 
Prare centre, and the sum will be the time thereof, as 
Fig. ¢ seen from the given place on the Earth’s surface : 

* but when the parallax is westward, subtract the 
time answering thereto from the time of total in- 
gress or beginning of egress as seen from the 
Earth’s centre, and the remainder will be the 
time as seen from the given place on the surface, 
so far as it is affected by this parallax—The 
reason of this is plain to every one who considers, 
that an eastern parallax keeps the planet back, 
and a western parallax carries it forward, with 
respect to its true place or position, at any instant 
of time, as seen from the Earth’s centre. 

472, The nearest distance of any given place 
from VCO, the plane of Venus’s orbit at any hour 
or part of an hour, being measured on the scale 

4 B in Fig. 3, will be equal to Venus’s parallax 
in latitude, which is northward from the true 
line of her path on the Sun as seen from the 
Farth’s centre, if the given place be on the north _ 
side of the plane of her orbit YC O on the 
Earth’s disc ; and the contrary, if the given place 
be on the north side of that plane; that is, the 
parallax is always contrary to the situation of 
the place on the Farth’s disc, with respect to 
the plane of Venus’s orbit thereon. 

473, As the line of Venus’s transit is on the 
southern hemisphere of the Sun’s disc, it is plain 
that a northern parallax in her latitude will cause 
her to describe a longer line on the Sun, than if 
she had no such parallax; anda southern paral- 
lax in latitude will cause her to describe a shorter 
line on the Sun, than if she had no such paral. 
lax.—And the longer this line 1s, the sooner will 
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her total ingress be, and the later will be her be- cuar.- 
ginning of egress; and just the contrary, if the **!! 
line be shorter.—But, to all places situated on Method of 
the north side of’ the plane of her orbit, in the ile 
hemisphere V HO, the parallax of iste 4 IS Piate , 
south ; and_.to all places situated on the south XV! 

side of the plane of her orbit, in the hemisphere * * 
VIO, the parallax of latitude is north. ‘There- 

fore, the line of the transit will be shorter to all 

places. in the hemisphere / H O, than it will be 

as seen from the Earth’s centre, where there is 

no parallax at all ; and longer to all places in the 
hemisphere YO. So that the time answering 

to this parallax must be added to the time of 

total ingress as seen from the Earth’s centre, and 
subtracted from the beginning of egress as seen 

from the Earth’s centre, in order to have the true ~ 

time of total ingress and beginning of egress as seen 

from places in the hemisphere V HO: and just 

the reverse for places in the hemisphere / / 0, 

It was proper to mention these circumstances, for 
the reader’s more easily conceiving the reason of 
applying the times answering to the parallaxes of 
longitude and latitude in the subsequent part of 

this article: for it is their sum in some cases, 

and ‘their difference in others, which being ap- 

plied to the times of total ingress and beginning 

of egress as seen from the Earth’s centre, that 

will give the times thereof as seen from the given 

places on the Earth’s surface. 

- 474, The angle which the Sun’s semidiame ter” 
subtends, as seen from the Earth, at all times of 
the year, has been so well ascertained by late ob- 
serv guRne, that we can make no doubt of its 
being 1. 5’ 50" on the day of the transit; and Ve- 
nus’s latitude has also been so. well ascertained at 
many different times of late, that we have very 
good reason to believe it will be 9’ 43” south of 
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the Sun’s centre, at the time of her conjunction 
with the Sun, If then, her semidiameter at that 


Method of time be 372” (as mentioned by Dr. Halley), it 


p¥ojectin 


Eransits, 


Fig. 2. 


Fig. 3. 


§ appears by the projection (Fig. 2), that her total 


ingress on the Sun as seen from the Earth’s 
centre, will be at 28 minutes after Ili in the morn- 
ing (§ 462), and her beginning of egress from the 
Sun will be 20 minutes after VIII, piae to 
the time reckoned at London. 

475. As the total ingress will not be visible at 

London, we shall not -here trouble the reader 
about Venus’s parallax at that time.—But by pro- 
jecting the situation of London on the Earth’s 
disc (Fig. 4) for the time when the egress be- 
gins, we find it will then be at /, as seen from 
the Sun. 
Draw /d parallel to Venus’s orbit V C O, and 
and lu perpendicular to it: the former is Ve-_ 
nus’s eastern parallax in longitude at her begin- 
ning of egress, and the latter is her southern 
parallax in latitude at that time-—Take these 
in your compasses, and measure them on the 
scale 4 B (Fig. 3) and you will find the paral- 
lax in longitude to be 103”, and the pee in 
latitude to be 212”. 

ae 6. As Vents’ s true motion on the Sun is at 
the rate of 4 minutes of a degreee in 60 minutes 
of time, (see N° 11 of § 453), say, as 4 minutes of 
a degree is to 60 minutes of time, so is 103” 
ef a degree to 2 minutes 41 seconds of time ; : 
which being. added to 8 hours 20 minutes, (be- 
cause this parallax is eastward, § 471), gives 8 
hours 22 minutes 41 seconds, for the beginning 
of egress at London, as affected only by this pa- 
rallax.—-But, as Venus has a southern parallax 
of latitude at ‘that time, her beginning of egress 
will be sooner; for this parallax shortens the 
line of her visible transit at London, 
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As this parallax of latitude is’ 212” south, ak. 
add it to Venus’s latitude 9’ 43”, and the sum 
will be 10 4<”; which is to be taken from Method of 
the scale in Fic. 1, and set from C'to Lin Fig. 2. projecting 
And then, if a line be drawn parallel 'to ¢ 7, it will Fig. 2. 
terminate at the point p in the arc 7 where Ve- 
nus’s centre will be at the beginning GF her egress 
as seen from London. *—-But as her centre is at 
when her egress begins as seen from the Earth’s 
centre, take Z p in your compasses, and setting 
that extent from ¢ towards / on the central tran- 
sit-line, you will find it to be 5 minutes shorter 
than ¢/: therefore subtract 5 minutes from 8 
hours 22 minutes 41,seconds, and there will re- 
main 8 hours 17 minutes 41 seconds for the vi- 
.Sible beginning of egress in the morning at Lon- 
don. 

477. At 5 hours 24 minutes (which is the 
middle of the transit as seen from the Earth’s — 
centre) London will be at Z on the Earth’s 
disc (Fig. 4) as seen from the Sun. ‘The paral- Fig. 4. 
Jax of longitude £a is then 22”; by which, 
working as above directed, we fit the middle 
of the transit, as seen ur London, to be at 8 
hours 20 minutes 53 seconds. ‘This is not af- 
fected by the parallax of latitude Ze. But Lé 
measures 27” on the scale 4B (Vig. 3); there- Fig. 3. 
fore take 27” from the scale in Fig. 1, and set it 
from ¢tto £Z, on the axis of Venus’s path in 


'* The reason why the line oLp, aBb, ct, and tb, 
which are the visible transits at London, the Ganges mouth, 
Bencoolen, and S'. Helena, are not parallel to the central 
transit-line Af /, is, because the parallaxes in latitude are 
different at the times of ingress and egress, as seen from 
each of these places. ‘The method of drawing these lines 
will be shewn by and by. 


CHAP. 
MXIT. 
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Fig. 2, and laying a ruler to the point Z, and 
the above found point of egress p, draw o Lp 


Method of for the line of the transit as seen from London. 


projecting 
transits. | 
Fig. 4. 


_ parallaxes. 


478, The eastern mouth of the river Ganges 1s 
89 degrees east from the meridian of London ; 
and therefore, when the time at London is 28 
minutes after 2 in the morning (§ 462), it is 24 
minutes past 8 in the morning (by § 469), at the 
mouth of the Ganges ; and when it is 20 minutes 
past VIII in the morning at London (§ 462), it is 
16 minutes past II in the afternoon at the Ganges. 
Therefore, by projecting that place upon the 
Earth’s disc, as seen from the Sun, it will be at 
G (in Fig. 4) at the time of Venus’s total in- 
gress, as seen from the Earth’s centre, and at g 


when her egress begins. 


Draw Ge and g?r parallel to the orbit of 
Venus / GO, and measure them on the scale 
AB in Fig. 3; the former will be 21’ for Ve- 
nus’s eastern parallax in longitude, at the above- 
mentioned time of -her total ingress, and the 
latter will be 162” for her western parallax 
in longitude at the time when her egress be- 
gins, ‘The former parallax gives 5 minutes 15 
seconds of time (by the analogy in § 476) to 
be added to 8 hours. 24 minutes, and the Jat- 
ter parallax gives 4 minutes 11 seconds to be 
subtracted from 2 hours 16 minutes; by which 
we have 8 hours 29 minutes 15 seconds, for the 
time of total ingress as seen from the banks of 
the Ganges, and 2 hours 11 minutes 49 seconds, 
for the beginning of egress, as affected by these 
_ Draw Gf perpendicular to Venus’s orbit, 
VOC, and by measurement on the scale 4 B 
(Fig. 3), it will be found to contain 10”; which 
being taken from the scale in Fig. 1, and set off 


ae 
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southward from the point of total ingress i (Fig.2, CHAP. 
as seen from the Earth’s centre) parallel to the en ah 
axis of Venus’s path, it will fall into the point Method of 
conthe arc N’. Draw Cz, and taking the ex-Proiecins 
tent ¢c im your compasses, and applying it from Fig. 4. 
¢ towards £, you will find it to fall a minute short 
of kh; which shews, that Venus’s parallax in lati- 
tude ‘shortens the beginning of the line of her 
visible transit at the Ganges by one minute of 
time. Therefore, as this makes the visible in- : 
gress a minute later, add one minute to the above , 
8 hours 29 minutes 15 seconds, and it will give 
eight hours 30 minutes 15 seconds for the time 
of total ingress in the morning, as seen from the 
eastern mouth of the Ganges. At the beginning 
of egress, the parallax of latitude gp is 25" (by 
measurement of the scale_4 8B) whichwill protract 
the beginning of egress by about 30 seconds of 
time, and must therefore be added to the above 
2 hours 11 minutes 49 seconds, which will make 
the visible beginning of egress to be at 2 hours | 
12 minutes 19 seconds in the afternoon. . 
479. Bencoolen is 102 degrees east from the 
meridian of London; and, therefore, when the 
time is 28 minutes past Il in the morning at 
London, it is 16 minutes past [X in the morning 
at Bencoolen; and when it is 20 minutes past 
VIII in. the morning at London, it is 8 minutes 
past {il in the afternoon at Bencoolen. ‘There- 
fore, in Fig. 4, Bencoolen will be at B at the time 
of Venus’s ‘total j ingress as seen from the Earth’s 
centre, and at 4 when her egress begins. 
Draw Bi and L& parallel to Venus’s orbit 
V GO, and measure them on the scale: the 
former will be found to be 22” for Venus’s east- 
ern parallax in longitude at the time of her total 
ingress; and the latter to be 192” for her west- 
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cHap.’ ern parallax in longitude when her egress begins, 
XXIII. as seen from the Earth’s centre. ‘The first of 
Method ofthese parallaxes gives 5 minutes 30 seconds (by 
projecting the analogy in § 476) to be added to 9 hours 16 
ves" minutes, and the latter parallax gives 4 minutes 
52 seconds to be subtracted from 3 hours 8 mi- 
nutes ; whence we have 9g hours 21 minutes 30 
seconds for the time of total ingress at Bencoo- 
len: and 3 hours and 8 minutes 3 seconds for 
the time when the egress begins there, as affected 
‘by these two parallaxes. 

A480. Draw & v and b my perpendicular to Ve- 
nus’s' orbit ¥ C O, and measure them on the 
scale 48: the former will be 5” for Venus’s 
northern parallax in latitude as seen from Ben- 
coolen at the time of her total ingress; and the 
latter will be 15” for her northern parallax in 
latitude when her egress begins. ‘Take these pa- 
rallaxes from the scale in Fig. 1, in your com- 
passes, and set them off above the central transit - 
line perpendicular to the axis of Venus’s path ; 

the former from the left hand of & (Fig..2) to 
ain the arc NV, and the latter from the right 
hand of /to 4 in the arc 7’; and draw a Bb for 
the line of Venus’s transit as seen from Beneoo- 
len: the centre of Venus being at a, as seen 
from Bencoolen, at the moment of her total in- 
gress; and at 4 at the moment when her egress 
begins. | 

But as seen from the Earth’s centre, the cen- 

_ tre of Venus is at # in the former case, and at / 
in the latter: so that we find the line of the transit - 
is longer as seen from Bencoolen than as seen 
from the Earth’s centre, which is the effect of 
Venus’s northern parallax in latitude. Take Ba 
in your compasses, and setting that extent back- 
ward from ¢ toward g, on the central transit-line, 


Fig. 4. 
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you will find it will reach two minutes beyond £ CHAP, 
X XI 

thereon: and taking the extent B 4 in your com- 
passes, and setting it forward from ¢ towards Method of 
w, on the central transit-line, it will be found Pricctrs 
to reach 3 minutes beyond / thereon, Conse- Fig 4. 
quently, if we subtract 2 minutes from 9 hours 
21 minutes 30 seconds (above found), we have 
9 hours 19 minutes 30 seconds in the morning, — 
for the time of total ingress as seen from Ben- 
coolen; and if we add 3 minutes to the above 
found 3 hours 3 minutes 8 seconds, we shall 
have 3 hours 6 minutes 8 seconds after noon, 
for the time when the egress begins as seen from 
Bencoolen. 

481. The whole duration of the transit, from 
_ total ingress to beginning of egress, as seen from 
the Earth’s centre, is 5 hours 52 minutes (by 
§ 462; but the whole duration from total ingress 
to beginning of egress, as seen from Bencoolen, 
is only 5 hours 46 minutes 38 seconds; which 
is 5 minutes 22 seconds less than as seen from 
the Earth’s centre: and this 5 minutes 22 se- 
conds is the whole effect of the parallaxes (both 
in longitude and latitude) on the duration of the 
transit at Bencoolen.. 

But the duration as seen at the mouth of the 
Ganges, from ingress to egress, is still less ; for 
it is only 5 hours 42 minutes 4 seconds: which is 
-9 minutes 56 seconds less than as seen from the 
Earth’s centre, and 4 minutes 34 seconds less 
than as seen at Bencoolen. 

482. The island of S‘. Helena (to which only 
a small part of the transit is visible at the end), 
will be at H’ (as in Fig. 4) when the egress be- 
gins as seen from the Earth’s centre. And since 
the middle of that island is 6° west from the me- 
ridian of London, and the said egress begins 


2 


CHAP. 
XXUI. 
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when the time at London is 20 minutes past VIIE 
in the morning, it will then be only 56 minutes 


Method of past VII in the morning at S*. Helena. 


projecting 
transite, 


Fig. 3. 


Draw H’7n parallel to Venus’s orbit VCO, 
and H’ o perpendicular to it; and by measuring 
them on the scale 4B (Fig. 3), the former will 
be found to amount to 29” for Venus’s eastern 
parallax in longitude, as seen from S‘. Helena, 
when her egress begins, as seen from the Earth’s 
centre ; and the latter to be 6” for her northern 
parallax in latitude at that time. | 

By the analogy in § 476, this parallax of longi- 
tude gives 10 minutes 2 seconds of time ; which 
being added (on account of its being eastward) 
to 7 hours 56 minutes, gives 8 hours 6 minutes 
2 seconds for the beginning of egress at S*. He- 
lena, as affected by this parallax. But 6” of pa- 
rallax in latitude (applied as in the case of Ben- 
coolen), lengthens out the end of the transit-line 
by one minute ; which being added to 8 hours 6 
minutes 2 seconds, gives 8 hours 7 minutes 2 
seconds, for the beginning of egress, as seen 
from S‘. Helena. 7 

483. We shall now collect the above-mention- 
ed times into a small table, that they may be 
seen at once, as follows. MM signifies morning, 
“4 afternoon. 


= 


Total ingress. | Beg. of egress.! Duration. 
He Mit Sun | Be oMewihy ne Meld 
The Earth’scentre2 28 Om/8 20 Om a2. 0% 


London ahs 2 o's Invisiblem|S8 17 41 ui{— — — 
At< The Gangesmouth 8 30 15m/2 12 19415 42 4 
Bencoolen ...... 9 19 30m/3 6 8 «| 46 38 


~ 


S*. Helena ...... InvisiblemjS = 7 2m 


2 This duration, as seen from the Earth’s centre, is on 
supposition that the semidiameter of Venus would be found 
equal to 374”, on the Sun’s disc, as stated by Dr. Halley 
(see Art. V, § 453), to which all the other durations are ac- 
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484. The times at the three last-mentioned cHapP. 
places are reduted to the meridian of London, _**!* 
by subtracting 5 hours 56 minutes from the time Method of 
of ingress and egress at the Ganges ; 6 hours 48 Projecting 
minutes from the times thereof at Bencoolen; i 
and adding 24 minutes to the time of beginning 
of egress at S*. Helena: and being thus reduced, 
they are as follows. — 


Total ingress. | Beg. of egress. 
oii Matern Byccek Be.) MgB. 


Times m fet mouth2 34 15mM'8 1619 = piene 


London § Bencoolen .. 2-31 30m;:8 18 8m 
: as above. 


for S'. Helena .. Invisible m;8 31 2m 

485. All this is on supposition, that we have 
the true longitudes of the three last-mentioned 
places, that the Sun’s horizontal parallax, is 122” 
that the true latitude of Venus is given, and. that 
her semidiameter will subtend an angle of 372” 
on the Sun’s disc. 

As for the longitudes, we must suppose them 
true, until the observers ascertain them, which is 
a very important part of their business; and 
without which they can by no means find the 
interval of absolute time that elapses between 
either the ingress or egress, as seen from any 
two given places: and there is much greater de- 
pendance to be had on this elapse, than upon the 
whole contraction of duration at any given place, 
as it will undoubtedly afford a surer basis for de- 
termining the Sun’s parallax. 


commodated.—-But, from later observations, it is highly pro- 
bable, that the semidiameter of Venus will be found not to 
exceed 30’ on the Sun: and if 50, the duration between the 
two internal contacts, as seen from the Earth’s centre, will 
be 5 hours 58 minutes; and the durations, as seen from the 
above-mentioned places, will be lengthened very nearly in 
the same proportion. 


* CHAP, 
XXII. 
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A86. I have good reason to believe, that the la- 
titude of Venus, as given in § 453, will be found 


"Method efby observation to be very near the truth; but 


pro} 
tran 


«ting that the time of conjunction there mentioned will 


be found later than the true time by almost 5 
minutes ; that Venus’s semidiameter will subtend 
an angle of no more than 30” on the Sun’s disc ; 
and that the middle of her transit, as seen from 
the Earth’s centre, will be at 24 minutes after V 
in the morning, as reckoned by the equal time at 
London. : ‘igh ional 2 

487. Subtract 8 hours 17 minutes 41 seconds, 
the time when the egress begins at London, from 
8 hours 31 minutes 2 seconds, the time reckon-_ 
ed at London when the egress begins at 5S‘. He- 
lena, and there will remain 13 minutes 214 se- 
conds (or 801 seconds) for their difference, or 
elapse, in absolute time, between. the beginning 
of egress as seen from these two places. . 

Divide this elapse of 801 seconds by the Sun’s 
parallax 122", and the quotient will be 64 se- 
conds and a Small fraction. So that for each se- 
cond of a degree in the Sun’s horizontal parallax 
(supposing it to be 122”), there will be a differ- 
ence or elapse of 64 seconds of absolute time be- 
tween the beginning of egress as seen from Lon- 
don, and as seen from S‘. Helena: and conse- | 
quently 32 seconds of time for every half second 
of the Sun’s parallax; 16 seconds of time for 
every fourth part of a second of the Sun’s paral- 
lax ; 8 seconds of time for the.eighth part of a 
second of the Sun’s parallax ; and full 4 seconds 
for a sixteenth part of the Sun’s parallax. 

For, in so small an angle as that of the Sun’s: 
parallax, the arc is not sensibly different from 
either its sine or its tangent: and therefore, the 
quantity of this parallax is in direct proportion to 
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the absolute difference in the time of egress arise CHAP. 
ing from it, at different parts of the Earth. — spncie 
488. Therefore, when this difference is ascer- Method of 
tained by good observations, made at different Projecting 
places, and compared together, the true quan. 
tity of the Sun’s parallax will be very nearly 
determined. For, since it may be presumed 
that the beginning of egress can be observ- 
ed within 2 seconds of its real time, the Sun’s 
parallax may be then found within the 32* part 
of a second of its true quantity; and consequent- 
ly his distance may be found within a 400™ part 
of the whole, provided his parallax be not less 
than 122”; for 32 times 122 is 400. 
489. But since Dr. Halley has assured us, that 
he had observed the two internal contacts of the 
planet Mercury with the Sun’s edge so exactly, 
as not to err one second in the time thereof, we 
may well imagine that the internal contacts of 
Venus with the Sun may be observed with as 
great accuracy. So that we may hope to have 
the absolute interval between the moments of her 
beginning of egress, as seen from London and 
from S*. Helena, true to a second of time; and 
if so, the Sun’s parallax may be Hak tatiinett to’ 
the 64 part of a second, provided it be not less 
than 122”; and consequently his distance may 
be found, within its 800" part, for 64 times 12+ 
is 800; which is still nearer the truth than Dr. 
Halley “expected it might be found, by observing 
the whole duration of the transit in the East In- 
dies, and at Port-Nelson. So that our present 
‘astronomers have judiciously resolved to improve 
_ the Doctor’s method, by taking only the interval 
between the absolute times of its ending at dif- 
Vol. U1, 
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_cHap. ferent places, If the Sun’s parallax be greater 
XXL or Jess than 122”, the elapse or difference of ab- 
Method of SOlute time between the beginning of egress at 
provestine London and S‘. Helena will be found by observ- 
ation to be greater or less than 801 seconds ac- 
cordingly. 

490. ‘There will also be a great difference be- 
tween the absolute times of egress at 5S’. Helena 
and the northern parts of Russia, which would 
make these places very proper for observation. 
The difference between them at Tobolsk in Sibe- 
ria and at S‘. Helena will be 11 minutes, accord- 
ing to De L’Isle’s map: at. Archangel it will be but 
about 40 seconds less than at Tobolsk; and only a 
minute and a quarter less at Petersburgh, even if 
‘the Sun’s parallax be no more than 103". At 
Wardhus the same advantage would nearly be 
gained as at Tobolsk: but if the observers could 
go still farther to the east, as to Yakoutsk in Si- 
beria, the advantage would be. still greater ; tor, 
as M. De L’Isle very, justly observes, in a memoir 
presented to the French king with his map of the 
transit, the difference of time between Venus’s 
egress ‘from the Sun at Yakoutsk and at the Cape 
of Good Hope will be 13} minutes. 

491, ‘Uhis method requires that the longitude 
of each place of observation be ascertained to the 
_ greatest degree of nicety, and that each obsery- 
ers’s clock be exactly regulated to the equal time 
‘at his place: for without these particulars it 
would be impossible for the observers to reduce 
the times to those which are reckoned under any | 
given meridian ; and without reducing the ob- 
served times of egress at different places to the 
time at some given place, the absolute time that 
elapses between the egress at one place and at 
another could not be found.. But the longitudes 
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may be found,-by observing the eclipses of Jupi- CHAP. 
ter’s satellites ; and atrue meridian, for regulat- 

ing the clock, to the time at any place, may be Method of 
had, by observing when any given star, within Pees 
20 or 30 degrees of the pole, is stationary, wit 
regard to its azimuth, on the east and west sides 

of the pole; the pole itself being the middle point 
between these two stationary positions of the star. 

And it is not material for the observers to know 
exactly either the true angular measure of the 
Sun’s diameter, or of Venus’s, in this case; for 
whatever their diameters be, it will make no sen- 

sible difference in the observed interval between 

the same contact, as seen from different places. 

492. In the geometrical construction of transits, P«4T* 
te kid ete pee TL 

the scale 46 may be divided into any given fig, 3. 
number of equal parts, answering to any assum- 

ed quantity of Venus’s horizontal parallax from 

the Sun (which is always the difference between 

the horizontal parallax of Venus and that of the 
Sun), provided the whole length of the scale be 
-equal to the semidiameter of the Earth’s disc in 

Fig. 4.—Thus, if we suppose Venus’s horizontal rig, 4, 
parallax from the Sun to be only 26” (instead of 
31”), in which case the Sun’s horizontal parallax 
must be 10.3493", as in § 20, the rest of the pro- 
jection will answer to that scale: as C.D, which 
contains only 26 equal parts, is the same length 

as 4 B, which contains 31. And by working 

in all other respects as taught from § 467 to § 483, 

you will find the times of total ingress and be- 
ginning of egress ; and, consequently, the dura- 

tion of the transit at any given place, which must 
result from such a parallax. 

493. In projections of this kind, it may be easi- 
ly conceived, that a right line passing continually - 
through the centre of Venus, and a given point 
G 2 
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CHAP. of the Earth, and prodiiced to the Sun’s disc, 


XXITT 


will mark the path of Venus on the Sun as seen 


Method of from the given point of the Earth ; and in this 
projecting there are three cases. 1, When the given point 


transits, 


is the Earth’s centre, at which there is no paral- 
lax, either in longitude or latitude. 2, When 
the given point is one of the poles, where there 
is no parallax of longitude; but a parallax of la- 
titude, whose quantity is easily determined, by 
letting fall a perpendicular from the pole upon 
the plane of Venus’s orbit, and setting off the 
parallax of latitude on this perpendicular : and 
here, the polar transit-lines. will be parallel to the 
central ; as the poles have no motion arising from 
the Earth’s diurnal rotation. 3, The last case is, 
when the given point of the Earth is any point 
of its surface, whose latitude is less than 90 de- 
grees: then there is a parallax in latitude pro- 
portional to the perpendicular let fall upon the 
above-mentioned plane, from the given point; and 
a parallax in longitude proportional to the perpen- 
dicular let fall upon the axis of that plane, from 
the said given point. And the effect of this last 
will be to alter the transit-line, both in position 
and length; and will prevent its being parallel 
to the central transit-line, unless when its axis 
and the axis of the Earth coincide, as seen from 
the Sun; which is a thing that may not mappen 
in many, ages. 
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"ARTICLE VI. 
Concerning the map of the transit.—Plate XVI, 


494. The title of this map, and the linesdrawn CHAP. 
upon it, together with the words annexed to these sis 
lines, and the numbers (hours and minutes) on 
the dotted lines, explain the whole of it so well, 
that no farther description seems requisite. 

495. So far as I can examine the map by a good Concerning 

the map of 
globe, the black curve lines are in general pretty jhe transit. 
well laid down, for shewing at what places the Pats 
transit will begin, or end, at sun-rising or sun- a) 
setting, to all those places through which they 
are drawn, according to the times mentioned in 
the map. Only I question much whether the 
transit will begin at sun-rise to any place in Af- 
rica, that is west of the Red sea ;, and am pretty 
certain that the Sun will not be risen to the 
northmost part of Madagascar when the transit 
begins, as M. de L’Isle reckons the first contact 
of Venus with the Sun to be the beginning of 
the transit. So that the line which shews the 
entrance of Venus on the Sun’s disc at sun-rising, 
seems to be a little too far west in the map, at all 
places which are south of Asia Minor: but in 
Europe, I think it is very well. | 

496. In delineating this map, I had M. de 
L'Isle’s map of the transit before me; and the ~ 
only difference between his map and_ this is ; 

1, That in his map, the times are computed to 

the meridian of Paris; in this they are reduced 

to the meridian of London. 2, I have changed 
G 3 


# 
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cHar. his meridional projection into that of the equato- 
XXII. yeal; by which, I apprehend, that the black curve 
lines, shewing at what places the transit begins, 

or ends, with the rising or setting Sun, appear 

more natural to the eye, and are more fully seen 

at once, than in the map from which I copied ; 

_ for, in that map, the lines are interrupted and 
broke in the meridian that divides the hemi- 
spheres, and the places where they should join 
cannot be perceived so readily by those who are 

not well skilled in the nature of stereographical 
projections.—The like may be said of many of 

the dotted curve lines, on which are expressed 

the hours and minutes of the beginning or end- 

ing of the transit, which are the absolute times at 

these places through which the lines are drawn, 
computed to the meridian of London. | | 


ARTICLE Vii, 


Containing an Account of Mr. Horrox’s Olserva- 
tion of the Transit of Venus over the Sun, in 
the Year 1689; as it is published in the Annual 
Register for the Year 1761. 


Kepler first 497. When Kepler first constructed his (the 
predicts the Rudolphine) tables upon the observations / of 


transits of 


V-nns and Lycho, he soon became sensible that the planets 
Mercary. Mercury and Venus would sometimes pass over 
the “un’s disc ; and he predicted two transits of 
Venus, one for the year 1631, and the other for 
1761, in a tract published at Letpsic in 1629, en- 
titled .ddmonitio ad Astronomos, c. Kepler 
died some days before the transit in 1621, which 


he had predicted was to have happened, Gas- 


& 
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sendi looked for it at Paris, but in vain (see cHap. 
Mercurius in Sole visus, et Venus invisa). In- **™ 
deed, the imperfect state of the Rudolphine ~ * 
tables was the cause that the transit was ex- 
pected in 1631, when none could be observed ; 

and those very tables did not give reason to ex- 

pect one in 1639, when-one was really observed. 

498. When our illustrious countryman Mr. Horrox ds: 
Horrox first applied himself to astronomy, he com- jrpertec- 
puted Ephemerides for several years, from Lans- tion tags 
bergius’s tables. After continuing his labours Poles. 
for some time, he was enabled to discover the 
imperfection of these tables ; upon which he laid 
aside his work, intending to determine the positions 
of the stars from his own observations. But that 
the former part of his time spent in ‘calculating 
from Lansbergius might not be thrown-away, he 
made use of his ephemerides to point out to 
him the situations of the: planets. | Hence he 
foresaw when their conjunctions, their appulses 
to the fixed stars, and the most remarkable phe- 
-nomena in the heavens would happen; and pre- 
pared himself with the greatest care to observe 
them. 

499. Fromthishe was encouraged to wait for the Determines 
important observation. of the transit of Venus in‘, set’ 
the year 1639 ; and no longer thought the former of Venusin 
part of his time mispent, since his attention to *3” 
Lansbergius’s tables had enabled him to discover 
that the transit would certainly happen on the 
24" of November. However, as these tables had 
so often deceived him, he was unwilling to rely 
on them entirely, but consulted other tables, and 
particularly those of Kepler: accordingly, in’ a 
letter to his friend William Crabtree of Man-  < 
chester, dated Hool, October 26, 1639, he com- 
municated his discovery to him, and earnestly 


Horrox’s 
method of 
observing 
transits. 


e 
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desired him, to make whatever observations he 
possibly could with his telescope, particularly te 
measure the diameter of the planet Venus; which, 
according to Kepler, would amount to 7 minutes 
of a degree, and according to Lansbergius to 11 
minutes; but which, according to his own pro- 
portion, he expected it would hardly exceed one 
minute. . He adds, that according to Kepler, the 
conjunction will be Navember 24, 1639, at 8 
hours 1 minute a. m. at Manchester, and that 
the planet’s latitude would be 14’ 10’ south 5 but. 
according to his own corrections he expected it 
to happen at 3 hours 57 min. Pp. mM. at Man- 
chester, with 10’ south latitude. But because 
a small alteration in Kepler’s number’s would 
greatly alter the time of conjunction, and the 
quantity of the planet’s latitude, he advises to 
watch the whole day, and even on the preceding 
afternoon, and the morning of the 25", though 
he was entirely of opinion that the transit would 
happen on the 24". | 

500. After having fully weighed and examined 
the several methods of observing this uncommon 
phenomenon, he determined to transmit the Sun’s 
image through a telescope into a dark chamber, 
rather than through a naked aperture, a method 
greatly commended by Kepler; for the Sun’s 
image is not given sufficiently large and’ distinct 
by the latter, unless at a very great distance from 
the aperture, which the narrowness of his situa- 
tion would not allow of ; nor would Venus’s dia- 
meter be well defined, unless the aperture were 


very small; whereas his telescope, which ren- 


dered the solar spots distinctly visible, would 
shew him Venus’s diameter well defined, and 
enable him to divide the Sun's limb more accu- 
rately. 
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501. He described acircle on paper whichnearly *X#t 


equalled six inches, the narrowness of the place 
not allowing a larger size; but even this size ad- 
mitted divisions sufficiently accurate. He divid- 
ed the circumference into 360 degrees, and the 
diameter into 30 equal parts, each of which were 
subdivided into 4, and the whole therefore into 
120. The subdivision might have still been car- 
ried farther, but he trusted rather to the accura- 
cy and niceness of his eye. 

502. When the time of observation drew near, His obser- 
he adjusted the apparatus, and caused the Sun’s the transit 
distinct image exactly to fill the circle on theof 1639. 
paper; and though he could not expect the pla- 
net to enter upon the Sun’s disc before three 
o'clock in the afternoon of the 24", from his 
own corrected numbers, upon which he chiefly 
relied ; yet, because the calculations in general 
from other tables gave the time of conjunction 
much sooner, and some even on the 23°, he ob- 
served the Sun from the time of its rising to nine 
o'clock; and again, a little before ten ; at noon, 
and at one in the afternoon: being called in the 
intervals to business of the highest moment, 
which he could not neglect. But in all these 
times he saw nothing on the Sun’s face, except 
one small spot, which he had seen on the pre- 
ceding day; and which also he afterward saw on 
some of the following days. 

503. But at 3 hours15 minutes in the afternoon, 
which was the first opportunity he had of re- 
peating his observations, the clouds were entirely 
dispersed and invited him to seize. this favour- 
able occasion, which seemed to be providentially 
thrown in his way; for he then beheld the most 
agreeable sight, a spot which had been the object 
of his most sanguine wishes, of an unusual size, 
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and of a perfectly circular shape, just wholly en- 
tered upon the Sun’s disc on the left side; so 
that the limbs of the Sun and Venus perfectly 
coincided in the very point of contact. He was 
immediately sensible that this spot was the pla- 
net Venus, and applied himself with the utmost 
care to prosecute his observations. 

504. And, First, With regard to the initiation, 
he found, by means of a diameter of the circle set 
perpendicular to the horizon, the plane of the 
circle being somewhat reclined on account of the 
Sun’s altitude, that Venus had wholly entered 
upon the Sun’s disc, at 3 hours 15 minutes, at 
about 62 degrees 30 minutes, (certainly between 
60 and 65 degrees) from the vertex toward the 
right hand. (These were the appearances with- 
in the dark chamber, where the Sun’s image and — 
motion of the planet thereon were both inverted 
and reversed.) And this inclination continued 
constant, at least to all sense, till he had finished 
the whole of his observation. 

505. Secondly, Thedistancesobserved afterwards 
between the centres of the Sun‘and Venus were as 


of the sunfollow. At 3 hours 15 minutes by the clock, the 


and Venus. 


Drameter 
ef Venus, 


distance was 14 24”; at 3 hours 35 minutes, the 
distance was 13’ 30"; ; and at 3 hours 45 minutes, 
the distance was 13’'0’.. The apparent time of 
sun- “Setting was at 3 heurs 50 minutes—the true 
time # hours 45 minutes—refraction keeping the 
Sun above the horizon for the space of 5 minutes. 
806. Thirdly, He found Venus’s diameter, by 
repeated observations, to exceed a thirtieth part of - 
the Sun’s diameter, by a sixth, or at most a fifth 
subdivision.— ihe diameter therefore of the Sun 
to that of Venus may be expressed as 30 to. 
4.12. It certainiy did not amount to 1.30, nor 


yet ta 1,20, Aiid this was found, by observing 


F 
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Venus as well when near the Sun’s limb, as when 
farther removed from it. 

507. The placewhere this observation was made, 
was an obscure village called Hool, about 15 miles 
northward of Liverpool. The latitude of Liver- 
pool had been often determined by Horrox to be 
53° 20'; and therefore, that of Hool will be 
53° 35’. The longitude of both seemed to him 
to be about 22° 30’ from the Fortunate islands ; 
that is 14° 15’ to the west of Uraniburg. 

508. ‘These were all the observations which the 
shortness of the time allowed him to make upon 
this most remarkable and uncommon sight: all 
that could be done, however, in so small a space 
of time, he very happily executed ; and scarcely 
any thing farther remained for him to desire. In 
regard to the inclination alone, he could not ob- 
tain the utmost exactness; for it was extremely 
difficult, from the Sun’s rapid motion, to observe 
it to any certainty within the degree. And he 
ingenuously confesses that he neither did, nor 
could possibly perform it. The rest are very 
much to be depended upon ; and as exact as he 
could wish. 
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509. Mr. Crabtree, at Manchester, whom Mr. mr. Crat- 
Horrox had desired to observe this transit,and who ‘ee °>- 


serves the 


in mathematical knowledge was theron to few, transit in 


readily complied with his friend’s request ; but * 
the sky was very unfavourable to him, and he 
had only one sight of Venus on the Sun’s disc, 
which was about 3 hours 35 minutes by the 
clock; the Sun then, for the first time, breaking 
out from the clouds ; at which time, he sketched 
Vertus’s situation upon paper, which Horrox 
found to coincide with his own observations. 
510. Mr. Horrox, in his treatise on this subject, 


published by Hevelius, and from which almost 


639. 
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the whole of this account has been collected, 
hopes for pardon from the astronomical world, 
for not making his intelligence more public 3 but 
his discovery was made too late. He is desirous, 
however, in the spirit of a true philosopher, that 
other astronomers were happy enough to observe 
it, who might either confirm or correct his’ ob- 
servations. But such confidence was reposed: in. 
the tables at that time, that it does not appear 
that this transit of Venus was observed by any 
besides our two ingenious countrymen, who pro- 
secuted their astronomical studies with such ea- 
gerness and precision, that they must very soon 
have brought their favourite science to a degree 
of perfection unknown at those times. But un- 
fortunately Mr. Horrox died on the 3° of Janu- 
ary 1640-1, about the age of 25, just after he 
had put the last hand to his. treatise, entitled, 
Venus in Sole visa, in which he shews himself to 
have had a more accurate knowledge of the di- 
mensions of the solar system than his learned 
commmentator Hevelius—So far the Annual 
Register. 

511. In the year 1691," Dr. Halley gave in a 
paper upon the transit of Venus, (See Lowthorpe’s 
Abridgment of the Philosophical’ Transactions, 
page 434), in which he observes, from the tables 
then in use, that Venus returns to a conjunction 
with the Sun in her ascending node in a period of 
18 years, wanting 2 days 10 hours 522 minutes ; 
but that in the second conjunction she will have 
got 24! 41” farther to the south than in the pre- 
ceding. That after a period of 235 years 2 hours 
10 minutes 9 seconds, she returns to a conjunc- 


» See the Connoissance des Temps for 176}. 
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tion more to the north by 11' 33"; and after cHapr 


2493 years, wanting 43 minutes in a point more 
to the south by 13’ 8”. But if the second con- 
junction is in the year next after leap year, it will 
be a day later. 

_ 512. The intervals of the conjunctions at the de- 
scending node are somewhat different. The se- 
cond happens in a period of 8 years, wanting 2 
days 6 hours 55 minutes, Venus being got more 
to the north by 19’ 58”. _ After 235 years 2 days 
8 hours 18 minutes, she 1s 9’ 21” more souther- 
ly: only, if the first year is a bissextile, a day 
must be added. And after 243 years O days 
1 hour 23 minutes, the conjunction happens 
10’ 37” more to the north; and a day later, if 
the first year was bissextile. It is supposed, as 
in the old stile, that all the centurial years are 
bissextiles. 

513. Hence, Dr. Halley finds the years in which 
a transit may happen at the ascending node, in the 
month of November (old stile) to be these—918, 
1161, 1396, 1631, 1639, 1874, 2109, 2117: 
and the transits in the month of May (old stile) 
at the descending node, to be m these years— 
1048, 1283, 1518, 1526, 1761, 1769, 1996, 
2004. i ri 

514. In the first case, Dr. Halley makes the vi- 
sible inclination of Venus’s orbit to be 9° 5’, and 
her horary motion on the Sun 4’ 7”. In the latter, 
he finds her visible inclination to be 8’ 28”, and 
her horary motion 4'0”. In either case, the 
greatest possible duration of a transit is 7 hours 
56 minutes. : 

515. Dr. Halley could even then conclude, that 
if the interval in time between the two interior 
contacts of Venus with the Sun could be mea- 
sured to the exactness of a second, in two places 


XXII. 


110 The Method of finding the Distances 


cHap. properly situated, the Sun’s parallax might be 

XXII determined within its 500" part.—But several 
years after, he explained this affair more fully, in 
a paper concerning the transit of Venus in the 
year 1761; which was published in the philoso- 
phical transactions, and of which the third of the 
preceding articles is a translation ; the original 
having been written in Latin by the Doctor. 


ARTICLE VIII. 


Containing a short account of some observations 
of the transit of Venus, A. D, 1761, June 6", 
new stile; and the distances of the planets from 
the Sun, as deduced from those observations. 


Dr. Bliss’s 516. Early in the morning, when every astrono- 
observa- mer was prepared for observing the transit, it un- 
‘vena! luckily happened, that both at London, and the 
“royal observatory of Greenwich, the sky was: so 
overcast with clouds, as to render it doubtful 
whether any part of the transit should be seen: 
and it was 38 minutes 21 minutes past VII 
o’clock (apparent time) at Greenwich, when the 
Rev. Dr. Bliss, our astronomer royal, first saw 
Venus on the Sun; at which instant, the centre 
of Venus preceded the Sun’s centre by 6’ 18.9" 
of right ascension, and was south of the Sun’s 
centre by 18’ 42.1” of declination.—From that 
time to the beginning of egress the Doctor 
made several observations, both of the differ- 
ence of right ascension.and declination of the 
centres of the Sun and Venus; and at last 
found the beginning of egress, or instant of 
the internal contact of Venus with the Sun’s 
limb, to be at 8 hours 19 minutes 0 seconds 
apparent time——From the Doctor’s: own ob- 
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observations; and those which were made at Shir- cHapP. 
burn by another gentleman, he has computed, , aia 
that the mean time at Greenwich of the ecliptical 
conjunction of the Sun and Venus was at 51 mi- 
nutes 20 seconds after V o’clock in the morn- 
ing ; that the place of the Sun and Venus was 
x (Gemini) 15° 36’ 33’; and that the geocent- 
ric latitude of Venus was 9’ 44.9” south ;—her 
horary motion from the Sun 3’ 57.13” retro- 
grade ;—and the angle then formed by the axis 
of the equator, and the axis of the ecliptic, was 
6° 9 34”, decreasing hourly 1 minute of a de- 
gree.—By the mean of three good observations, 
the diameter of Venus on the Sun was 58”. 

517. Mr. Short made his observation at Savile- Mr. Short’s 
house, in London, 30 seconds in time west from Shee 

° : ° . on the 

Greenwich, in presence of his royal highness the transit. 
duke of York, accompanied by their royal high- 
nesses Prince William, Prince Henry, and Prince 
Frederick.—He first saw Venus on the Sun, 
through flying clouds, at 46 minutes 37 seconds 
after V o'clock; and at 6 hours 15 minutes 12 
seconds he measured the diameter of Venus 
59.8".—He afterward found it to be 58.9” when 
the sky was more favourable. And, through a 
reflecting telescope of two feet focus, magnifying 
140 times, he found the internal contact of Ve- 
nus with the Sun’s limb to be at 8 hours 18 mi- 
nutes 212 seconds, apparent time; which, being 
reduced to the apparent time at Greenwich, was 
8 hours 18 minutes 514 seconds: so that his 
time of seeing the contact was 8; seconds sooner 
(in absolute time) than the instant of its being 
seen at Greenwich, : 

518. Messrs. Ellicot and Dollond observed the Messrs. =}. 
internal contact at Hackney, and their time of see- licot and 


Mie Dollond’s 
ing it, reduced to the time at Greenwich, was at observa. 


tions, 
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CHAP § hours 18 minutes 56 seconds, which was: 4 
1 XXII. seconds sooner in absolute time than the contact 
was seen at Greenwich. : 
MrCan- 519. Mr. Canton, in Spittle-square, London,4 _ 
ton s obs" 1)” west of Greenwich (equal to 16 seconds 44: 
vations. . 5 
thirds of time) measured the Sun’s diameter 31’ 
33” 24", and the diameter of Venus on the Sun 
58”; and by observation found the apparent time 
of the internal contact of Venus with the Sun’s 
limb to be at 8 hours 18 minutes 41 seconds 3 
which, by reduction, was only 2; seconds short 
of the time at the royal observatory of Green- 
wich. ) 
Mr.Hay- 520. The Rev. Mr. Richard Haydon, at Lis- 
don's o> _keard,in Cornwall (16 minutes 10 seconds in time 
west from London, as stated by Dr. Bevis) ob- 
served the internal contact to be at 8 hours O 
minutes 20 seconds, which by reduction was 8 
hours 16 minutes 30 seconds at Greenwich: so 
that he must have seen it 2 minutes 30 seconds 
sooner in absolute time than it was seen at Green- 
wich—a difference by much too great to be oc- 
casioned by the difference of parallaxes. But by 
a memorandom of Mr. Haydon’s some years be- 
fore, it appears that he then supposed his west 
longitude to be near two minutes more ; 3 which 
brings his time to agree within half a minute of 
the time at Greenwich ; to which the parallaxes 
Mr. Ware Will very nearly answer. 
gentin’sob- 521. At Stockholm observatory, latitude 59° 
vervatio’ 90* north, and longitude 1 hour 12 minutes east 
from Gieanwich! the whole of the transit was 
visible ; the total ingress was observed by Mr. 
Wargentin to be at 3 hours $9 minutes 23 se- 
conds in the morning, and the beginning of egress 
at 9 hours 30 minutes 8 seconds: so that the 
whole duration between the two internal. con- 
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tacts, as seen at that place, was 5 hours 50 minutes al 
45 seconds. 


Soames eon!) 
At Torneo in Lapland (1 hour 27 minutes 28 Mr. Hel- 


seconds east of Paris) Mr. Hellant, who is 2ntso?" 
esteemed a very good observer, found the total 
ingress to be at 4 hours 3 minutes 59 seconds ; 

and the beginning of egress to be 9 hours 5% 
minutes 8 seconds,—so that the whole duration 
between the two internal contacts was 5 hours 

50 minutes 9 seconds. 

At Hernosand, in Sweden (latitude 6° 38/Mr. Gie 
north, and longitude 1 hour 2 minutes 12 seconds**"* 0 | 
east of Paris), Mr. Gister observed the total in- 
gress to be at $3 hours 38 minutes 26 seconds ; 
and the beginning ef egress to be at g hours 29 
minutes 21 seconds,—the duration between these 
two internal contacts 5 hours 50 minutes 56 se- 
conds. 

Mr. de la Lande, at Paris, observed the begin- mr. de fa 
ning of egress to be at 8 hours 28 minutes 26 hande’s 
seconds apparent time. But Mr. Ferner (whotions 
-was then at Conflans, 14” west of the royal ob- Mr, Fer 
servatory at Paris) observed the beginning Of servations. 
egress to be at 8 hours 28 minutes 29 seconds 
true time. The equation, or difference: between 
the true and apparent time, was 1 minute 54 se- 
conds. ‘The total ingress, being before the Sun 
rose, could not be seen. 

At Tobolsk, in Siberia, Mr. Chappe observed Mr. 
the total ingress to be at 7 hours O minutes 28 ra a 
seconds in the morning, and the beginning of tions. 
egress to be at 49 minutes 20+ seconds after 
All. at noon. So that the whole duration of the 
transit between the internal contacts was 5 hours 
_ 48 minutes 52> seconds, as seen at that place: 
‘which was 2 minutes 3+ seconds less than as seen 
at Hernosand i in Sweden: “% 

Vol. II. ; H 
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CHAP. At Madras, the Reverend Mr. Hirst observ- 
XXIII. | : 
ed the total ingress to be at 7 hours 47 minutes 
Mr. Hirs's 55 seconds apparent time in the morning ; and 
obeerva- the beginning of egress at 1 hour 39 minutes 38 
seconds past noon. The duration between these 
two internal contacts was 5 hours 51 minutes 43 
seconds. 
Profesor, (Amor ate eevee Tati p Bologna observed the 
Mathenc!s beginning of egress to be at 9 hours 4 minutes 
tions. 58 seconds. 
Mr. Ma At Calcutta (latitude 22° 30’ north, nearly O27" 
gees ob- east longitude from London) Mr. William Magee 
observed the total ingress to be at 8 hours 20 
minutes 58 seconds in the morning, and the be- 
ginning of egress to be at 2 hours 11 minutes 
34 seconds in the afternoon. ‘The duration be- 
tween the two internal contacts 5 hours 50 mi- 
- Nutes 36 seconds. 
Mr.Ma- — At the Cape of Good Hope (1 hour 13 mi- 
sone ob , nutes 35 seconds east from Greenwich) Mr. 
Mason observed the beginning of egress to be at 
9 hours 39 minutes 50 seconds in the morning. | 

All these times are collected from the observ- 
ers accounts, printed in the Philosophical Trans- 
actions for the year 1762 and 1763, in which 
there are several other accounts that I have not 
transcribed. The instants of Venus’s total exit 
from the Sun are likewise mentioned, but. they 
are here left out, as not being of any use for find- 
ing the Sun’s parallax. 

Whoever compares these times of the cage f 
contacts, as given by different observers, will 
find such difference among them, even those 
which were taken upon the same spot, as will 
shew, that the instant of either contact could not 
be so accurately perceived by the observers as Dr. 

~ Halley thought it could: which Pepenaly9 arises 


E 
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from the difference of people’s eyes, and the differs 
ent magnifying powers of those telescopes through 
which the contacts were seen. If all the observ- 
ers had made use of equal magnifying powers, 


there can be no doubt. but that the timés would 


have more nearly coincided; since it is plain, that 
supposing all their eyes to be equally quick and 
good, they whose telescopes magnified most, 
would perceive the point of internal contact soon- 
est, and ofthe total exit latest. 

Mr. Short has taken an incredible deal oi pains 
in deducing the ‘quantity of the’ Sun’s parallax, 
from the best of those observations which were 
made both in Britain and abroad : and finds it to 


have been 8”.52 on the day of the transit, when 


the Sun was very nearly at his greatest distance 
from the Earth; and consequently 8”.65 when 
the Sun is at his mean distance from the Earth. 
And indeed, it would be very*well worth every 
curious person’s while, to purchase the second 
part of Volume LIL. of the Philosophical Trans- 
actions, for the year 1763; even if it contained 
nothing more than Mr. Short’s paper on . that 
subject. 

The logarithm sine (or tangent) of 8”.65 is 
5.6219140, which being subtracted from the ra- 
dius 10.0000000, leaves remaining the logarithm 
4.3780860, whose number is 28882.84 ; which 


is the auiriber of semidiameters of the Earth that » 


the Sun is distant from it. And this last number, 


23882.4, being multiplied by 3988, the number 


_ of English miles contained in the Earth’s semidia- 

meter, gives 95,173,127 miles for the Earth’s 

mean cence ae the Sun. But because it is 

impossible, from the nicest observations of the 

Sun’s parallax, to be sure of its true distance 

from the Earth within 100 miles, we shall at 
H 2 
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CHAP. present, for the sake of round numbers, state 
sap the Earth’s mean distance from the Sun at 
95,173,000 English miles. 

‘And then, from the numbers and. analogies 
in § 420 and 421, p. 49, vol. Il, we find the 
mean distances of all the rest of the planets from 
the Sun in miles to be as follows.—Mercu- 
ry’s distance, 36,841,468; Venus’s distance, 

' 68,891,486; Mars’s distance, 145,014,148 ; 
Jupiter’ s distance, 494,990,976 ; and Saturn’ S 
distance, 907,057,130.' 

So that, by comparing these aiseshitis with 
those in the tables at the end of the chapter on 
the solar system®, it will be found that the di- 

' mensions of the system are much greater than 
what was formerly imagined ; and consequently, 
that the Sun and all the planets, except the Earth, 
are much larger than as stated in that table. 

The semidiameter of the Earth’s annual orbit 
being equal to the Earth’s mean distance from the 
Sun, viz. 95,173,000 miles, the whole diameter 
thereof is 190, 346, 000 miles, And since the 
circumference of a circle is to its diameter as 
355 is to 113, the circumference of the mire 
orbit is 69'7,937,0646 miles. 

And, as the Earth describes this orbit in 365 
days 6 hours (or in 8766 hours), it is plain’ that 
it travels at the rate of 68,217 miles every hour, 
and consequently 11,369 miles every minute ; 
so that its velocity in its orbit ts at least 142 times 


S. 

' When I computed the distances in the last line of § 194. 
page 76, 1 had heard that the Sun’s parallax was found to 
be 8.69 ; which occasions the difference between those dis- 
tances and these which arise here from the parallax 8”.05, as 
I found it in the Philosophical Transactions. | 

* Fronting page 50. Se 
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as great as the velocity of a cannon ball, sup- oHap. 
posing the ball to move through 8 miles ina, **"* 
minute, which it is found to do very nearly :— 
and at this rate it would take 22 years 228 days 
for a cannon-ball to go from the Earth to the 
Sun. | | | 
On the 3d of June, in the year 1769, Venus 
will again pass over the Sun’s disc, in sucha 
manner, as to afford a much easier and better 
method of investigating the Sun’s parallax’ than 
her transit in the year 1761 has done.—But no 
part of Britain will be proper for observing 
that transit, so as to deduce any thing with re- 
spect to the Sun’s parallax from it, because it 
will begin but a little before sun-set, and will be 
quite over before II o’clock next morning.—The 
apparent time of conjunction cf the Sun and 
Venus, according to Dr. Halley’s Tables, will be 
at 13 minutes past X o’clock at night at London; 
at which time the geocentric latitude of Venus 
will be full 10 minutes of a degree north from 
the Sun’s centre :—and therefore, as seen from 
the northern parts of the Earth, Venus will be 
considerably depressed by a parallax of latitude 
on the Sun’s disc; on which account, the visible 
duration of the transit will be lengthened: and 
in the southern parts of the Earth she will be 
elevated by a parallax of latitude on the Sun, 
which will shorten the visible duration of the 
transit, with respect to its duration as supposed 
to be seen from the Earth’s centre; to both 
which affections of duration the parallaxes of 
longitude will also conspire.—So that every ad- 
vantage which Dr. Halley expected from the late 
transit will be found in this without the least diffi- 
culty or embarrassment.—lIt is therefore to be 
hoped, that neither cost nor labour will be spar- 
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ed in duly observing this transit $ especially as 
there will not be such another opportunity again 
in less than i105 years afterward. t 
The most proper places for ‘observing the 
transit in the year 1769 is in the northern part 
of Lapland, and the Solomon Isles in the great 


‘South Sea; at the former of which, the visible 


duration between the two internal contacts will 
be at least 22 minutes greater than at the latter, 
even though the Sun’s parallax should not be 
quite 9”.—If it be 9” (which is the quantity I had 
assumed ina delineation of this transit, which 1 
gave in to the Royal Society before | had heard 
what Mr. Short had made it from the observa- 
tions on the late transit). the difference of ‘the | 
visible durations, as seen in Lapland and in: the. 
Solomon Isles, will be as expressed in that deli- 
neation ; and if the Sun’s parallax be less than 
9° (as I now have very good reason to believe it- 


_ is), the difference of durations will be less accord- 


ingly. 
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CHAP. I. 


ON THE FIVE NEW PLANETS, THE GEORGIUM SIDUS, 
CERES, PALLAS, JUNO, AND VESTA. 


Tuer great additions which astronomy has lately CHaP. 
received, have given a new form to this interest-,__* 
Ing science, and extended our knowledge far be- 
yond the limits of the system which we inhabit. 
The discovery of five primary, and eight second- 

ary planets;—the determination of the motion of 

our system in free space;—the reference of all the 
celestial phenomena, and particularly of the ine- 
qualities arising from the mutual action of the 
planets, to the simple law of gravitation; and the 
consequent improvement of our astronomical ta- 
bles, form a lasting monument to the industry 

and genius of their authors; and mark the close 

of the first, and the commencement of the pre- 
Sent century, as the most brilliant period in the 
history of astronomy. __ | 

_ For several of these important discoveries, we 

are indebted to the powerful telescopes of Dr. 
Herschel, which detected two of the satellites of 
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aA Saturn, and all the satellites of the GeorgiumSidus, 
"__; The success of this celebrated astronomer gave 
birth to a spirit of observation and inquiry which 
was before unknown. » The heavens have been 
explored with the most unwearied assiduity, and 
this laudable zeal for the advancement of astro- 
nomy has-been crowned with the discovery of | 
four new planets. : se 
‘These additions to the science do not merely 
present us with a few insulated facts similar to 
those with which we were formerly acquainted : 
They exhibit to us new and unexpected pheno- ' 
mena, which destroy that harmony in the solar 
system which appeared in the magnitudes and | 
distances of the planets, and in the form and: po- 
sition of their orbits. ‘The six planets which for- 
merly composed the system, were placed at some- 
what regular distances from the Sun: They moved 
from west to east,and at such intervals as to prevent 
any extraordinary derangements which might arise 
from their mutual action. Their magnitudes, too, 
with the exception-of Saturn, increased with their 
distance from the centre of the system, and the 
excentricity, as well as the inclination of their 
orbits; was comparatively small. . In the present 
system, however, we find four very small planets 
between the orbits of Mars and Jupiter, placed at 
nearly the same distance from the Sun, and mov-. 
ing in very excentric orbits which intersect. each 
other, and are greatly inclined to the. plane of the 
ecliptic. The satellites of the Georgium Sidus, too, 
move nearly at right angles to the plane of ‘his 
orbit ; and what is still more surprising, the di- 
rection of their motion is opposite to that in which 
all the other planets, whether primary or second- 
ary, circulate round their respective centres, 


. 


c 
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On the Georgium Sidus. 


From inequalities in the motion of Jupiter and cHap. 


Saturn, which could not be accounted for from 
the mutual action of these planets, it was inferred 
by some astronomers that there existed beyond 


the orbit of Saturn another planet, by whose ac- - 


tion these irregularities were produced. This 
happy conjecture was confirmed on the 13th 
March 1781, when Dr. Herschel discovered a 
new planet, which, in compliment to his royal 
patron, he called the Georgium Sidus, though on 
the continent it is better known by the names of 
Herschel or Uranus. This new planet, which had 
been formerly observed as a small star by Flamstead 
and Mayer,and introduced into their catalogues of 
the fixed stars, is situated beyond the orbit of Sa- 
turn, at the distance of 1,800,000,0C0 miles from 
the centre of the system, and performs its sidereal 
revolution round the Sun in 83 years, 150 days, 
-and 18 hours. . Its diameter is about 42 times 
larger than that of the’ Earth, being “nearly 
85,112 English miles. , When seen’ from the 
Earth, its apparent diameter, or the angle which 
it subtends at the eye, is 3% 82/”, and its mean 


diameter as seen from.the Sun,*is 4”. As the — 


distance of the Georgium Sidus from the Sun is 
twice as great as that of Saturn, it can scarcely 
be distinguished by the. naked eye. When the 


sky, however, is serene, it appears like a fixed — 


star of the sixth magnitude, with a bluish white 
light, and a brilliancy between that of Venus and 
the moon ; but with a power of 200 or 300, its 
disc is tells and well defined. 

The want of light arising from the great dis- 
tance of this planet from the Sun is supplied by 
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CHAP. six satellites, all of which were discovered by Dr. 
Herschel. The jirst satellite is 2.5.5 distant from 
its primary, and revolves round it in 5 days, 21 
hours, 25 minutes... The second satellite is 33’.9 
distant from the planet, and performs its re- 
volution in 8 days, 17 hours, 1 minute, 19 se- 
conds. ‘The distance of the third satellite is O8575 
and its periodic time 10 days, 23 hours, 4. mi- 
nutes. The distance of the fourth satellite is 
44!',2.2, and the time of its periodical revolution 
13 days, 11 hours, 5 minutes 1.5. The distance 
of the th satellite is about 1’ 28.44, and its 
revolution is completed in 38 days, 1 hour, 49 

minutes. The sixth satellite is placed at the 
distance of 2’ 56”.88 from the primary, and will 
therefore require 107 days, 16 hours, 40 minutes, 
to complete one revolution. The second and 
fourth of these satellites were discovered by Dr. 
Herschel on the 11th January 1787.1! The other 
four were discovered in 1790 and 1794, but their 
distances and periodic times have not been so’ ac- 
curately ascertained as the other two™. It isa re- 
markable circumstance, however, that all the six’ 
satellites move in a retrograde direction, and in 
orbits lying in the same plane, and almost perpent 
dicular to the ecliptic®. 
According to La Place, the first five satellites 
of the Georgium Sidus may be retained in their 
orbits by the action of its equator, and the sixth 


! See the Philosophical Transactions for 1787, p- 125; 
1788, p. 364. 

= ‘See, Phil.: Trang 1798, PartI. p. 47. - 

» Dr. Herschel remarks, that we shall have ealinees of 
them in 1818, when they will appear to ascend through the 
shadow of the planet in a wi ih almost ie sosiona to 
the ecliptic. 
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by the action of the interior satellites ; and hence cuap. 
he concludes, that this planet revolves about an. 
axis very little inclined to the ecliptic, and “is cag 
the time of its diurnal rotation cannot be much 
less than that of Jupiter or Saturn °. 

When the Earthis in its jpeithcitis and the 
’ Georgium Sidus in its aphelion, the latter be- 
comes stationary when his elongation or distance 
from the Sun is 8° 17° 37’, and his retrograda- 
tions continue 151° 12". When the Earth is in 
its aphelion, and the Georgium Sidus in its peri- 
helion, it becomes stationary at an elongation of 
8* 16° 27’, and the retrogradations continue 
149%..18". The following table contains the 
most correct elements of the orbit of the Geor- 
gium Sidus, and other arouse: concerning this 


planet.® Lor 
Days. H. Min. 


Tropical Revolution .- — - - 30637 4 0 
Mean distance from the Sun, that of the | 
Earth being 100000 -- = Yn fil Ug a 
Density, that of water being 1 - - -« O 35% 
Quantity of matter, that of the Earth being 1 16.84. 
Diameter in English miles - = - - 35112 
Inclination of its orbit in [700 7)" 3 = 46! 20 
Place of aphelion in 1800 © - -  J1Is 16° 30° 31 
Secular motion of aphelion - ~ ig aye 
Excentricity of its orbit, the mean distance 
being 100000 - - . ~ = 00804 
Longitude for 1784. -" 2 0 38 14° 43° 187 
Greatest equation of the centre - ©. 5° 29" 16° 
Longitude of ascending node in 1788 2s 12° 47’ Oo” 
Secular motion ofthe node =~ = 1° 44° 35" 


Greatest aberration r LBS SRE 251 


~-* See Mecanique Celeste par La Place, tome li. p. 381, 
Tom. iv. _ Preface, and’ p. om and Mem. de vada 
Tom. iii. p. 123. 
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~ On Ceres. 


cHap, The planet Ceres was discovered at Palermo, 
in Sicily, on the 1% of January 1801, by M.. 
Piazzi, an ingenious observer, who has since dis- 
tinguished himself by his astronomical labours. 
This new celestial body was then situated in 
Taurus, and was observed by Piazzi till-the 12°. 
- of February, when a dangerous illness compelled 
him to discontinue his observations. It was, 
however, again discovered by Dr. Olbers of Bre- 
men, on the 1° January 1807, nearly in the place 
where it was expected from the calculations of 
Baron Zach. The nebula with which it was 
surrounded, gave it the appearance of a comet, 
and it was in consequence of the suggestion of — 
Professor Bode of Berlin, or of Baron Zach, 
that Piazzi and other astronomers ranked it 
among the planetary bodies. 

The planet Ceres is of a ruddy colour, and. 
appears about the size of a star of the 8" mag- 
nitude. It seems to be surrounded with a large 
dense atmosphere, and plainly exhibits a disc, 
when examined with a magnifying power of 
about 200. 3 

Ceres is situated between the orbits of Mars 
and Jupiter. She performs her revolution round 
the Sun in four years, seven months, and ten 
days; and her mean distance from that luminary 
is nearly 260 millions of English miles, The ex- 
centricity of her orbit isa little greater than that 
of Mercury, while its inclination to the ecliptic 
exceeds that of all the old planets. The obser- 
vations which have been hitherto made upon this 
celestial body do not seem sufficiently correct 
to enable us to determine its magnitude with any 


ee 


~ 
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degree of accuracy. According tothe measure- crap. 
ments of Herschel, the diameter of Ceres does . 
not exceed one hundred and sixty miles, while the 
observations of the German astronomer Schroeter _ 
make it 1624 miles. The following table will — 
present at one view, the various particulars which 

are known respecting the planet Ceres. 


Years. Months. Days. 


Tropical Revolution, Lalande - “L Fae 
Do. from Maskelyne’s Table, 1681 D. 12 H. oM. 
Annualmotion - -«— - y ane Wai 


Mean Longitude, January 1. 1804 108 11° Sof. Ol 
Place of Ascending Node, from Mas- 


kelyne’s Table, in 1802 - 28 20° 58 40” 
Do. in 1804, according to La Lande 2, 21° 6F 
Place of aphelion in 1802 = ar ts Ay 59) BO yp ge 
Do. according to La Lande,Jan. 1.1804 4° ~ 26’ 44! 
Excentricity, the mean distance being1,.* 

according to Maskelyne - » 0.08141 f 
No. according to La Lande - 0.079 
Inclination of orbit = 10° 37! — 
Greatest equation of centre, Maskelyne 9° 20° 8" 

Do. do. La Lande 9} 3! of 


Mean distance from the Sun, that of the 
Sun from the Earth being 1, La Lande 2.77. 


Do. from Maskelyne’s Table. - 2739 
Mean distance in English miles 260.000.000 
Diameter in English miles, Herschel 163 
Do. do. Schroeter 1624 
Apparent mean diameter, as seen from 
the Earth eae “ 7 
On Pallas. 


The planet Pallas was discovered at Bremen, 
in Lower Saxony, on the 28™ March 1802, by 
Dr. Olbers, the same active astronomer who re- 
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Ae discovered Ceres. It is situated between the or 
bits of Mars and Jupiter, and is nearly of the 
same magnitude with Ceres, but of a less ruddy 
colour. It is surrounded with a nebulosity of 
almost the same extent, and performs its annual 
revolution in nearly the same period. The planet 
Pallas, however, is distinguished in a very res 
markable manner from Ceres and all the other 
primary planets, by the immense inclination of 
its orbit. While these bodies are revolving round 
the sun in almost circular paths, rising only a 
few degrees above the plane of the ecliptic, Pal- 
las ascends above this plane at an angle of about 
$5 degrees, which is nearly five times greater 
than the inclination of Mercury. From the ex«. 
centricity of Pallas being greater than that of 
Ceres, or from a difference of position in the 
line of their apsides, while their mean distances 
are nearly equal, the orbits of these two planets 
mutually intersect each other, a phenomenon — 
which is altogether anomalous in the solar system. 

The diameter of Pallas has not yet been de- 
termined with sufhcient accuracy. Dr. Herschel 
makes it only 80 miles, which is but one half 

) the diameter of Pallas, while Schroeter makes 
it no less than 2099 miles, which is considerably 
larger than the magnitude that is assigned to 
Ceres. The elements of the orbit of Pallas, and 
the other particulars which are known respect- 

ing this planet, are given in the following table: 


Years. Months. Days. 


Tropical revolution “ - 4 + a aby Be 
Sidereal revolution, from Maskelyne’ sTable1703 D. 16H. 48" 
Annual motion - - 2° 187 11" 
Mean Longitude, January 1.1804, - 9° 29) 52’ 58’ 
Place of ascending node in 1802, from. 
Maskelyne’s 'T able - - 5 32" 26857" 
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Place of ascending node i in 1804, according ...79 > CHAP, 
to La Lande, hE RS RT oot 28! I, 
Place of perihelion, “ ee ices he me M8 el Coe 
Eccentricity, the mean ere being cTRgaTY a 924680 

Inclination of orbit in 1801, according to Mas-"... *r, 

_ kelyne’s Table, meres baie 34° 50! 40! ‘~ 
Do. in 1804, according to La Lande, | mn 34° 39! 
Greatest equation ofcentre, Ag 28° 251 
Mean distance from the Sun, that of the Earth 

being 1, - - nor We vey pt 7910” 
Mean distance in English miles, ss “266. 000. 000 
Diameter i in English miles, according to Herschel, 80 
Do. oe as according to Schroeter, 2099 
Apparent mean diameter, as séen from the Earth, 0.5 

On Juno. 


‘The:planet Juno was discovered by Mr. Bee: On the 
ing, at. the observatory of Lilienthal, near, Bre- juno, 
men, on the evening of the 1*' September, 1804, 
While this astronomer was ‘forming an atlas of 
all the stars which are near the orbits. of ‘Ceres 
and Pallas, he observed, in the constellation Pisces, 
a small star of the 8": magnitade, which was not 
mentioned in the Histoire Celeste of ‘La Lande ; 
and being ignorant of its longitude and latitude, 
he put it down in his chart as nearly as he 
could estimate with, his eye. ‘Two days after- 
wards, the star disappeared ; but he perceived 
another which he had not-seen before, vesenibling 
the first in size and colour, and situated alittle to 
the south-west. of its place. He obseryed it 
again on the 5” of September, and finding that 
it had moved a little farther to the south-west, 

_ he concluded that this star belonged to the pla- 
netary system. ‘The planet Juno is of a reddish 
colour, and is free from that nebulosity which 
surrounds eal Itis situated between the orbits 
Fol. I 
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CHAP. of Mars and Jupiter. Its diameter is less, and 
_"__ its distance greater than those of the other new 
planets. It is distinguished from all the other 
planets, by the great eccentricity of its orbit; and 
the effect of this is so extremely sensible, that it 
_ passes over that half of its orbit which is bisected 
by its perihelion, in half the time that it employs 
in describing the other half, which is farther 
from the Sun. From the same cause, its great- 
est distance from the Sun is double the least dis- 
tance, the difference between the two distances 
being about 127 millions of miles. The follow- 
ing elements were calculated by Burckhardt. © 


Revolution, fy sO adel 5 Years, 182 Days. 
Mean Longitude, 31% December, | 75) 

' 1804, neon, of AD KOS Poe ear 
Place of ascending node, 2 S219 6h 
Place of perihelion in 1805, 18 29° 49! 33” 
Eccentricity, the mean distance being 100,000, 25096 
Inclination of orbit, “ = 21° > Of o.0g 


Mean distance from the sun in English miles 275.000.000 _ 
Diameter in English miles according to Schroeter, 1425 
Apparent mean diameter, as seen from the Earth, | 
according to Schroeter, ° 3”.057+ 


On Vesta. 


Onthe pla- We have already mentioned, that from the 
net Vesta: resularity observed in the distances of the old 
_ planets from the Sun, some astronomers sup- 
‘posed that a planet existed between the orbits of 
Jupiter and Mars. The discovery of Ceres con- 

firmed this happy conjecture; but the opinion 

which it seemed to establish respecting the har- 

mony of the solar system, appeared to be com- 

pletely overturned by the discovery of Pallas and 
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Juno.’ Dr. Olbers, however, imagined that CHAP 
these small celestial bodies were merely the frag- _ 
ments of a larger planet, which had been burst Ds. olbers 

asunder by some internal convulsion, and that se. theory ® 
veral'more might yet be discovered between the new pla- 
orbits of Mars ‘and Jupiter. He therefore con-"*= 
cluded, thatthoughthe orbits of all these’ frag. 
ments might be differently inclined to the: eclip- 
tic, yet; as they must have all diverged from 
the same point, they ought to have two com- 
mon points of reunion; or two nodes in’ oppo- 
site regions of the heavens, through which all 

the’ planetary fragments. must sooner or later 
pass. One of these.nodes Dr. Olbers found to 
be in Virgo, and the other in the Whale, and 
it was actually in the latter of these regions that 
Mr. Harding discovered the planet Juno. | With 
the intention, therefore, of detecting other frag. 
ments of the supposed planet, Dr. Olbers exa- 
amined thrice every year, all the little stars in the 
a constellations of the Virgin and the 
- Whale, till his labours were crowned with suc- 

cess on the 29" March, 1807, by the discovery 
of a new planet in the constellation Virgo, to 
which he gave the name of Vesta. 

AAs soon as this discovery was made known in 

England, the planet was observed at Blackheath, 
on the 26" April, 1807, by S, Groombridge, 
Esq. an ingenious and active astronomer, who has 
successfully devoted his leisure and his fortune 
to the advancement of his favourite science. He 
continued to observe it with his excellent astro- 
nomical circle, till the 20" May, when, from its 
having ceased to become visible on the meridian, 
.he-had recourse to equatoreal instruments. On 
the 11" of August, Mr. Graombridge resumed. 
his meridional observations, from which he has 


1:2 
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CHAP. computed part of the elements of its orbit, and 
had the good fortune to observe the ecliptic op- 
position of the planet, on \the 8 of September 

1808, at 7° 30/ in longitude 11° 15° 54/ 26”. 
The planet Vesta is of the 5™ or 6™. magni- 
tude, and may be seen ina clear evening by the 
naked eye. Its light is more intense, pure, and 
white than any of the other three. It is not sur- 
rounded with any nebulosity, and has no visible 
disc.?. The orbit of Vesta cuts the orbit of Pal- 
las, but not in the same place where it is cut by 
that of Ceres. According’ to the observations 
of Schroeter, the apparent diameter of Vesta is 
only 0.488 of a second, one half of what he 
found to be the apparent diameter of the 4°" sa- 
tellite of Saturn ; and yet it is very remarkable, 
that its light is so intense, that Mr. Schroeter 

saw it several times with his naked eye" » 

_M. Burckhardt is of opinion,’ that’ Le Mon- 
nier had observed this planet as a fixed star, since 
a small star situated in the same place, and:ob- 
served by that astronomer, has since disappeared. 

The following are the elements of the orbit 
of Vesta, computed by Mr. Groombridge, from 
his own observations.) f 


Revolution, = Hw _ 3.182 Years. 
‘Place of aphelion, yates ° O°, 38 Of 20! 
Place of ascending node, ©. + | 3° 14°. 38" 0" 
Inclination of orbit, tapes gt Oe 20° 
Mean distance, - rie a a ere 


Excehtricity in parts of the Earth’s radius, 0.0953 ; 
' The following elements are given by Burck- 
hardt, in the Connoissance de Tems tor 1809, 


"4 Phil. Trans. 1807, part IT, p. 265, 260, 
* Phil, Trans. 1807, part IT, p. 245. 9" 
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from the most recent observations on the con- CHAP. 


tinent.: ; ‘ 
Place of ascending node, ~ 88 189 4¢ OW 
Place of perihelion, * - 8* 9° 42! 53” 
Inclination of orbit, - eg 7° 8! 46! 
Mean distance, - - ie 2.373000 
Excentricity, + - - ~*~ 0.093221 


The orbits of the four new planets projected 
from the places of their perihelion, and their ec- 
centricities, as given in the preceding elements, 
are represented in the view of the solar system 
given in Plate I, Sup. and separately in a larger pate 1. Supe 
scale in Plate IV, Fig. 1. These orbits appear Plate iv. 
to intersect each other in various places, and it is laa 
is obvious, that the points of intersection must 
be perpetually shifting, according to the changes _ 
in the aphelia of the planets: 


o 
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ON THE NEW DISCOVERIES, &c. IN MERCURY, VENUS, 
MARS, JUPITER, AND SATURN, 


Ehowmivas brilliant have been the discoveries in cftap. 
astronomy, by which the present century has "- 
been distinguished, yet those which were made 

on the old planets of the system by Dr. Her- 
schel and Mr. Schroeter, with the assistance of 
powerful telescopes, are not less interesting and 
important. The discovery of mountains in Mer- 
cury and Venus, of the double ring and interior 
satellites of Saturn, and the determination of its 
diurnal revolution, are a few of the,important 
facts which have been added to astronomy, by 
the improvement of the telescope. 


a 


M ercury. 


‘The great brilliancy of the light emitted by piscoveries’ 
the planet Mercury, the shortness of the period’ ie thea 


a 


during which observations can be made upon his“ 
disc, and his position among the vapours of the 
horizon when he is observed, have prevented 
astronomers from making any interesting dis- 
_ coveries respecting this planet. According to 
the observations of Dr. Herschel, Mercury ap- 
pears equally luminous in every part of his body, 
and seems to have his disc always well defined, 
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CHAP. without any dark spot or ragged edge. Mr. 
___,... schroeter, on the contrary, pretends to have 
Spots and discovered not only spots, but also mountains in 
mountains this planet. ‘The highest of those which he mea- 
upon his Sured, was about 8900 toises, or ten miles and. 
disc, three quarters, more than twice as high as Chim- 
baraco, the highest mountain upon our globe, 
which is only 3200 toises. The other mountain 
measured by Schroeter, is little more than 1000 
toises:in height. Like the mountains in Venus 
and the Moon, those in the southern hemis- 

Daily pee Phere are the highest. By the variations in the 

riod of daily appearance of Mercury’s horns, M. Schroe- 

Mercury ter found that the period of his daily rotation 
was 24" 5' 28”, ‘These observations remain to 
be confirmed by other astronomers, — 


Venus. 


Venus. We have already given some account of the 
observations by which Cassini and Bianchini 
endeavoured to ascertain the diurnal revolution 

PlateU, of Venus. Figures 1** and 2° of Plate II, Sup. 

Fig. 1 & % yepresent the spots observed by Bianchini. 

The powerful telescopes of Dr. Herschel and 
Mr. Schroeter have been recently employed in 

Spotsof €xamining the various appearances of this planet. 

Venus. On the 19 June 1780, Dr. Herschel observed 
Spots upon the surface of this planet, as represent- 

Phiten, din Figure 34, where adc is a bluish darkish 

Fig. 3. Sy-spot, and ceb a brighter spot. They met in 
an angle at a point c, about one third of the 
diameter of Venus from the cusp a. This as- 
tronomer also observed, that Venus was much . 
brighter round her limb, than in that part which 
Separates tlie enlightened from the obscure part 
of her disc. As this brightness round her limb 


ian 
a 
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diminishes pretty suddenly, it resembles a nar- CHAP. 
_ row luminous border, and therefore does not, 
seem to be the result of any optical deception. 
The light seemed to decrease gradually between 
this border and the boundary between the illumi- 
nated and obscure parts of her disc. Mr. Schroe-. 
“ter had observed before Dr. Herschel, ** that 
the light appears strongest at the outward limb, 
from whence it decreases gradually, and in a re- 
gular progression towards the interior edge ; but 
he differs from the doctor with regard to the 
sudden ‘diminution of this. marginal — light.” 
_ © With regard to the cause of this appearance,” 
says Dr. Herschel, ‘* I may venture to ascribe it 
to the atmosphere of Venus, which, like our atmo- 
own, is probably replete with matter that re- sphere of 
flects and refracts light copiously in all direc. *“"* 
tions. Therefore, on the border where we have 
an oblique view of it, there will, of consequence, 
be an increase of this luminous appearance.”’ Dr. 
Herschel considers the real surface of Venus to 
be less luminous than her atmosphere, and this 
accounts for the small number of spots which 
appear upon her disc. “ For this planet,” says 
he, ‘“* having a dense atmosphere, its real sur- 
face will commonly be enveloped by it, so as 
not to present us with any variety of appear- 
ances. ‘This also points out the reason why the 
spots, when any such there are, appear general- 
Ty of a darker colour than the rest of the body.” 
The observations of this astronomer did not en-— 
able him to ascertain the. diurnal rotation of 
Venus, or the position of her axis, but he is of 
opinion, that it can hardly be so slow as 24 days, 
the period assigned by Bianchini. 
The atmosphere of Venus appears to be very 
dense, not merely from the changes which take 


my 


vad 


Plate II. 
Fig, 6. 
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place in her dark spots, but as Schroeter in- 
ferred, from the illumination of her.cusps when. 
she is near her inferior conjunction, where the 
enlightened ends.of the horns. reach far pyoud 
a semicircle. 

Mr. Schroeter seems to. have a very suce 
cessful in his observations upon Venus ;, but the 
results which he has obtained are more different 
than could have been wished from the observa- 
tions of Dr. Herschel. He discovered several 
mountains in this planet,and found, that like those 
of the Moon, they were always highest in the 
southern hemisphere, their perpendicular heights 
being nearly as the diameters of their respective 
planets. From the 11™ December 1789, to the 
11" of January 1790, the southern horn b. of 
Venus appeared much blunted, with an enlight- 
ed mountain a, in the dark hemisphere, about 
18300 toises, or nearly 22 miles high. 

“M. Schroeter measured the altitude of four 


the moun- mountains in Venus, and obtained the following 


tains in 
Venus, 


Daily pe- 
riod of 
Venus, 


results : a 
» See Toises. Miles. 
it Highest, 18900 22.05 
2° Highest, 15750 18.97 
34 Higheet, 9500 11.44 
4th Highette g000 10.84 


in order to phe peace the daily oe of the 
planet, Mr. Schroeter observed the different 
shapes. of the two horns of Venus. Their ap- 
pearance generally varied in a few hours, and 
_ became nearly the same at the corresponding 
time of the subsequent day, or rather about half 
an hour sooner every day. Hence he conclud- 
ed, that the period must be about 23 hours; that 
her equator is considerably inclined to the © echier 
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tic; and the pole at a considerable distance from 
the point of the horn. On the 30" of Decem- 
ber 1791, at 8 o’clock in the morning, the 
southern horn appeared with the same bluntness, 
and with the same enlightened mountain in the 
dark hemisphere, that it had done on the 28" 
December 1789, at 5 o’clock in the morning. 
Hence he found, that the period of Venus’s 
daily motion about her axis, must be 23° 20’ 
59”, only about one minute less than that which 
is given by Cassini. ‘This alternate bluntness 


» 


CHAP, 


and sharpness in the horns of Venus, Schroeter Plate 11. 
supposes to arise from the shadow of a high Figs Ay $- 


mountain. ‘The appearance of Venus, with her 
rugged edge and blunt horn, is Papeete in 
‘Fig. 4, 5. 


‘The luminous marpin whith we have a teh Luminous 
mentioned, induced Mr. Schroeter to believe, “pia of 


that this planet had an atmosphere of a consider- 
able extent. At the interior edge the light be- 
comes dim, till it loses. itself in a faint bluish 
grey, forming a ragged margin, (as in Fig. 4, 5) 
which it is difficult to perceive even with the best 
telescopes. This diminution of light is much 
more sensible about the middie d, than at the 
cusps a, 0. 


On the 9* of SAcankel 1790, he observed, 
that the southern cusp of Venus disappeared, and 


was bent like a hook, about 8” beyond the lumi- 


nous semicircle, into the dark hemisphere. ‘The © 


northern cusp had the same tapering termina- 
tion, but did not encroach upon the dark part 


of the disc. .A streak, however, of the glim- . 


mering bluish light proceeded about $” along the 


- . dark limb, from the point of the cusp from é toc, 


(Pig. 4, 5) & being the extremity of the diameter. 


ab, ‘and. ae the natural termunation 


CHAP. 


| Atmos- 


phere and 
twilight in 
Venus, 


Venus 


Jarger than 


the Earth. 
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of the cusp. The streak Jc, verging to a pale 
grey, was faint when compared with the light 
of the cusp at b. This phenomenon Mr. Schro- 
ter considers as the twilight, or crepuscular light 
of Venus. ‘* That it is a real twilight,” says. 
he, ‘* will appear from the relative appearances 
of the cusps. On the 9" and 12" March 1790, 
when the southern cusp extended in a hooked 
direction, into the dark hemisphere, the pale— 
blue light appeared only at the point. of the 
northern cusp, and proceeded in a spherical . 
curve into the dark part. On the 10" of March, 
when the southern cusp did not proceed so far, 
the pale streak was perceived at both points; 
but more sensibly at the northern. . The bright 
prolongation of the southern cusp on the 10™ 
and 12" of March, must be ascribed to the solar 
light on a ridge of mountains, whence it could 
not be strictly spherical. When the bright pro- 
longation was not considerable, twilight had its 
due effect, and the true spherical arc of the dark 
limb appeared faintly illuminated.” | From these 
observations, Mr. Schroeter has calculated that'the 
dense part of Venus’s atmosphere is about 16.020 
feet high; and he concludes, that it must rise 
far above the highest mountains, that it is more 
opaque than that of the moon, and that its den- 
sity is a sufficient reason why we do not discover, 
in the surface of Venus, those superficial shades 
and varieties of appearance, which are to be'seen — 
on the other planets. HH | 

The planet Venus has generally been consi- 
dered as about 220 miless less in diameter than 
the Earth ; but it appears from the measurements 
of Dr. Herschel, that when reduced to the mean 
distance of the Earth, her apparent mean dia- 
meter is 18”.79,. that of the Earth being 17.2, 
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tha is, 8648 English miles, that.of the Earth CHAP, 
being 7912... This result is rather surprising, qh 
but: the observations have the : appearance Ol Bie, 
curacy. 

The explanation | Sf the different phases of Method of 
Venus has been already given in Vol. 1. We fading her 
shall therefore conclude this section, with point-P""™ 
ing out the method of finding the proportion be- 
tween the illuminated and obscure part of her 
disc at any given time. The following table, 
calculated for this purpose by Mr. Bode of Ber- 
lin,* answers for finding the phases of the. Moon, 
as well as s those of Venus. 


* See Tables de Berlin, Vol. III, p. 257. 


TABLY.— To find the enlightened part of the Diameter of the Moon, 

na r Venus, US, supposing the Deameter to be divided into 12 equal Barts 
“|For the Reais Ane nes Distance of the Moons 

_ from the Sun. 

Signs” Signs Signs onl 

ATR pn Sporn sev. 

For Venus—Argument. Angle formed at the centre 


CHAP, 
He 


~) of Venus, by two lines drawn from yous to the 
2] Sun and Earth. 
a} O° | 30° [60% | 90° [ 120°) 150° | 


Parts. | Parts. | Parts. | Parts. “Parts. Parts. | | 
0.000 | 0.804 | 3.000] 6.000 | 9-000 11.196 |30}. , 
| 0.001 | 0.857 | 3-092] 0.104} 9-090 }11.247 |29 
0.004 | 0.912 | 3-184 6.209 | 9.179 |11-297 |28} - 
“8! 0.009 | 0.969 | 3.277 | 6.314] 9.267 |11,346 27) 
0.015} 1.026} 3.370} 6.418 | 9.355 {11.392 [26] |) 
0.023 | 1.085 | 3.405} 6.523 | 9.441 {11.437 |25 
1 0.033 | 1.146| 3.560] 6.627 | 9.5260 {11.481 |24 
0.045 | 1.209] 3.650} 6.731] 9.611 j11.523 |23 
0.059} 1.272 | 3.753 | 6.834} 9.694 {11.563 |2 
0.074 | 1.337] 3.850} 6.938} 9.776 |11.601 |21} 
0.091 | 1.404| 3.948} 7.041] 9.856 }11.638 |20 
11] 0.110] 1.472} 4.047] 7.145] 9.930 [11.673 |19 
“| 0.131] 1.542) 4.147] 7.247 110.014 {11.700 |18 
“| 0.154} 1.612] 4.2471 7,349 |10.091 |11.737 |17 
14) 0.179] 1.684] 4.3471 7.451 [10.167 |11.767 |1 
-205| 1.758} 4.448} 7.552 110,242 |11.795 |15 
o! 0.233] 1.833] 4,549]. 7.653 (10.316 {11.821 
17} 0.263 | 1.909] 4.651} 7.753 {10,388 |11.846.113 
18] 0.294] 1.986] 4.7531] 7.853 {10.458 |11.869 
10} 0.327 | 2.064| 4.855] 7.953 110.528 {11-890 
20| 0.362 | 2.144] 4.059] 8.052 |10,596 |11.909 
0.399 | 2.224] 5.002] 8,150 |L0.663 {11.926 
2) 0.437) 2.306| 5.166] 8.247 |10.728 |11.941 
23! 0.477 | 2.389 | 5.2069] 8,344 |10.791 [11.955 
241 0.519] 2.474] 5.373] 8.440 10.854 |} 1.907 
25} 0.563 | 2.550| 5.477] 8,535 |10.915 |11.977 
| 0.608 | 2.645 | 5.582] 8.630 [10.974 {1 1.085 
0.654 | 2.733 | 5.686! 8,723 |11.031 |11.9901 
0.703 | 2.821} 5.791} 8.816 |11.088 |11.996 
0.753 | 2.910] 35. 890 8.908 {1 1.145 |1 1.999 
0.804 | 3,000] 6.000! 9.000 }1 1.196 12.000 
130" 120° | 90" 60" 1307 | OF 
For Venus.—Argument. Angle formed at the centre 
of Venus by two lines drawn from Venus to the Sun 
and Earth. 
Sigus Signs | Signs — Signs Signs Signs 
XI, X. IX. Vill. Vil. VI. 


Re Ty 
For the Moon—Argument. Distance of the Moon 
from the Sun, 


7) 
vo 
S 
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vo 
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The argument. of the preceding table, when CHAP. 
applied to Venus, is the angle formed at her __ 
center, by two lines drawn from Venus to the 
Sun, and to the Earth. In order to find this Explana- 
angle, suppose that another line is drawn joining sited the 
the Earth and Sun. Then add the angle form- *”~ 
ed at the Sun, onthe anomaly of commutation, 
te the difference between the Geocentric longi- 
tudes of the Sun and Venus, and this sum being 
subtracted from six signs, or 180 degrees, will 
leave the angle formed at Venus. 

Let it be required, for example, to find the Example. 
proportion between the enlightened and the dark 
portion of Venus’s disc, on the 2* of August 
1809. The Sun’s longitude being then, 4° 9° 41’; 
the Heliocentric longitude of Venus 115 230 49/; 
and her Geocentric longitude 2° 24° 2’, as found 
from the nautical almanack. “Then, as the ano- 
maly of commutation is equal to the difference 
between the Heliocentric longitude of the planet 
and the longitude of the Earth, as seen from the 
| Sun, we have 


_ Helioc. long. of Venus, 2: 118 23° 40) 
Long. of Earth, subtract - ° 10 9° 41’ 
Angle at the Sun, or anomaly of commutation, 1s 14° S! 


—_——s 


Long. of Sun, pS Z 45 9° 41 

_Geoc. long. of Venus, subtract — = 2824° 9 

Diff. between Geoc. long. of the Sunand Venus, “18:15° 39! 

Angle at the Sun, add - . 1814° g 
Sum subtract, 98290477 * 

From six Signs, 65 0 oO 

Argument, 3° 0° 13! 


‘ or go°.13¢ 
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. With this argument enter the table, and you will 


find 6.000 answering to 90, and the proportional 


~ parts for i3',;found by. the rule of proportion, will 
be .023, which subtracted from 6.000, as the 


numbers in the table are decreasing,. leaves 


 §.977 for the diameter of the. enlightened part 


Cause of 
the red co- 
Jour of 
Mars. 


of Venus. Her whole diameter being 12.000, 
the diameter of the dark part of .her disc will 
be 6.028 ; so that she is nearly a half Moon, 
and not far from her greatest elongation from 
the Sun. | | 


Mars. 


The planet Mars is remarkable for the red- 
ness of its light, the brightness of its polar re- 
gions, and the variety of spots which. appear 
upon its surface. ‘The atmosphere of this planet, 
which astronomers have long considered as of 
an extraordinary size and. density, is the cause 
of the remarkable redness of its light. Whena 
beam of white light passes through any medium, 
its colour inclines to red, in proportion to the — 
density of the medium, and the space through 


' which it has travelled. The momentum of the 


red, or least refrangible ays, being greater than _ 
that of the violet or most refrangible rays, the 
former will make their way through the resist- 
ing medium, while the latter are either reflect- 
ed or absorbed. The colour of the beam, there- 
fore, when it reaches the eye, must partake of 
the colour of the least refrangible rays, and this 
colour must increase with the number of the 
violet rays that have been obstructed. Hence 
we see that the morning and evening clouds 
are beautifully tinged with red; that the Sun, 
Moon, and stars, appear of the same colour 


* 
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when néar’ ‘the horizon; and that every luminous CHAP. 
object séen through a mist is of a ruddy hue. — 
Now’'the planet Mars is allowed to have an at- 
mosphere of great density and extent, as is ma- 
nifest from the dim appearance of the fixed stars, 
that are placed even at a distance from his disc.s 
The dim light, therefore; by which Mars is il- 
luminated, having to pass twice through his ‘at- 
mosphere ‘before i it reaches the Earth, must be 
deprived of 4 great proportion of its violet rays, 
atid consequently the colour of the resulting light 
by’ which Mars is visible must be red. As there 
is a considerable difference of colour among the 
other plariets; and likewise among the fixed 
stars, are we not entitled to conclude, that those 
in which the red colour predominates, are sur- 
rounded with the greatest, or densest atmo- 
spheres? According to this principle, the atmos- 
phere of Saturn must be the next to that of 
Mars in density or extent. 

After Galileo had discovered the phases of 
Mars, which are mentioned in Chap. II, p. 32, 
Vol. 1, Dr.’ Hook and Cassini discovered upon 
theedise ofthis: planet, a number of dark spots. 
Dr. Hook perceived some trifling changes in 
their «position, but Cassini had the merit of de- 
termining from these changes, that the diurnal 
revolution of the planet was performed: fi in 24 
hours 40 minutes. 


s Cassini observed, that a star in Aquarius, at the dig: 
tance of six mitiutes from the disc of Mars became so faint, 
before its occultation; that it could not be seen even with a 
three-foot telescope. The same phenomenon was observed 
by Roemer at Paris. Dr. Herschel considers the atmos- 
phere of Mars aéless than has been generally seen but 
he still regards it as dense and extensive. | oa 


Fol. I. 


CHAP. 
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The luminous zone at the southern pole of 


il. F e i) 
__..__ Mars, which had been often noticed by astrono- 


The lumi- 


nous Zone 


mers, was particularly observed by Maraldi. 


During six months observations, he found it. 


no the south Subject to many changes. Sometimes it appear- 


pole of 
Mars. 


Plate TI, . 


ed bright, at other times faint, and after com-_ 
pletely disappearing, it returned with its original 
brightness. When this spot was most luminous, 
the disc of Mars did not appear exactly round, 
but the bright part of its southern limb that 
terminated this spot appeared to project like a 
bright cap, whose exterior arch was a portion 
of a larger extent than the rest of the planet’s 
limb. This appearance resembled exactly the 
new Moon, when the dark part of her disc is 
enlightened by the Earth, and is evidently an 
optical deception, arising from the same cause.* 
In 1719, a favourable opportunity occurred 
for observing the spots upon Mars. When he 
was within two degrees of his perihelion, he was 
in Opposition to the Sun, and appeared superior, 
to Jupiter in brightness and magnitude. Ma- 
raldi observed him at that time through a re- 
fracting telescope 34. feet long, and saw the ap-. 
pearance which is represented in Figs. 1, and 2. 


S&T A long belt extending half way round his disc, 


Dr. Her- 
schel’s ob-. 
servations 
@a Mars. 


‘was joined by a shorter belt, forming with it an 


obtuse angle. By the motion of this angular 
point, Maraldi found its daily period to be 24* 
4(y, the very same with that of Cassini. 

- These luminous spots have been observed 
from 1777 to.1788 by Dr. Herschel, who, by 
ascertaining the changes.in their position, has 
determined the inclination of the axis, and the 


t See Chapter IV of this Supplement, where the pheno- 


smenonis explamed, 


¥ 


Bes 


e 


‘ 
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place of the nodes of Mars.. These polar spots crrap. 
are represented at a in Figures 3, 4, 5, 6, 7, 8, . ¥- 
9, 10, 11, where a is the south polar spot, and “7” 
) the north polar one. In Fig. 4, the south po- 
lar spot has a very singular appearance, similar 
to what was observed by Maraldi. In conse- 
quence of its great spleadour, it seems to pro- 
ject beyond the disc of Mars, producing a break 
at c, increased by the gibbous appearance of the 
planet. The south polar spot is represented in 
Figures 5,6, 7, 8, 9, 10, 11, which complete the 
whole equatoreal circle of appearances in Mars, 
as they are observed in immediate succession. 
These Figures are all connected together in one 
projection, Fig. 12. ‘* The centre of the circle 
marked 17,’’ says Dr. Herschel, ‘* 1s placed on gig, 12, 
the circumference of the inner circle, by making . 
its distance from the centre of the circle marked, 
15, answer to the interval of time between the 
two observations, properly calculated and re. 
duced to sidereal measure. ‘The same has been 
done with regard to the circles marked 18, 
19, 20, &c. And it will be found by placing 
any of these connected circles, so as to have its 
contents in a similar situation with the figures in 
the single representation which bear the same 
number, that there is a sufficient resemblance 
betweén them; but some allowance must un- 
doubtedly be made for the unavoidable distor- 
tions occasioned by this kind of projection.”s 

From the similarity between Mars and the 
Earth, in their diurnal motion, and in the po. 
sition of their equator, Dr. Herschel imagines 
that the bright spots at the poles of this planet. 


é . 


G 
ye 


\ Phil; Trans. 1784, p- 241. 
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ec are produced by the reflection of the Sun’s light 
from its frozen regions, and that the melting 
of these masses of polar ice, is the cause of the 
’ variation in the magnitude of the spots. Hence, 
in 1781, when the Antarctic glaciers had not felt 
for twelve months, the thawing influence of the 
Sun, the south polar spot was extremely large, 
and in 17783, it had suffered a considerable di- 
minution from an exposure of 8 months to the 

solar rays. — 

As the diurnal rotation of Mars has been ac- 
curately established by the motion of its spots, 
it was natural to expect, that in conformity to 
the laws of gravity, it should exhibit a spheroi- 
dal form. Owing to the gibbous appearance of 
Mars, there is some difficulty in taking accurate 
measures of the equatoreal and polar diameters 
of Mars. Dr. Herschel, however, has/succeed- 
ed in the attempt, and found that the figure of 
Mars was an oblate spheroid, whose equatoreal 
diameter is to the polar as 1855 to 1272, or 
nearly as 16 to 15.. Dr. Herschel also found; — 
that the inclination of Mars’ axis to the ecliptic, 
is 59° 42’, that the node of the axis is in 17* 
47 of Pisces; that the obliquity of the’ ecliptic 
on the globe of Mars, is 28° 42’; that the point 
Aries on the ecliptic of Mars, answers to our 
‘19° 28’ of Sagittarius ; that the equatoreal dia- 
meter of Mars reduced to the mean distdnce of 
the Earth, is 9/8”, and that the time ‘of his 
diurnal rotation is’24* 39% This remarkable 
flattening at ‘the poles of Mars’ probably arises 
from a considerable variation im the density of, 
his different parts.’ La Place-has computed the 
density of this planet to 9 be about 4 of that of the 
‘Earth. ana 

From the ‘cifcumstance ef Mars’s having no 


des 


* 
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satellite, and appearing to require light i in the cHAP. 
Sun’s absence, M. Fontenelle has imagined. that 

this planet is phosphorescent, and gives out du- adler 
ring night, the Heh which it has imbibed i in the 
ay | 


*. Jupiter. 


The planet Jupiter revolves round his axis Jupiter 
in 9 hours, 55 minutes, and 37 seconds. . His 
form, like that of the Earth and Mars, is an 
oblate spheroid, the equatoreal being to the po- 
lar diameter as 14 to 13.* This result was ob- 
tained from the accurate observations of Dr. 
Herschel, and it is a remarkable coincidence be- 
tween theory and observation, that from the in- 
fluence of the equatoreal parts of Jupiter upon 
the motion of the nodes of his satellites, La 
Place has found the proportion between his equa- 
toreal and polar diameters to be as 10000000 
to 9286992, a result which differs only a very 
little from the ratio of 14 to 18, and which we 
regard as the more accurate of the tho. | 

When we look at Jupiter through a good te- Jupiter’ 
lescope, we perceive several belts or bands NS i 
tending across his disc, in lines parallel to his 
equator. These appearances were first observed 
by two Jesuits, Zuppi and Bartoli. ‘They were’ 
afterwards examined in }633,by Fontana, Rheita, 
Riccioli, Grimaldi, and Campani, the last. of, 
whom, on the 1°‘ of July 1664, perceived four. 
dark belts, and two, white ones. ‘These belts 
are yariable both in number, distance, and posi- 


m According to’ Cassini, the differetice of Jupiter sidia-_ 
meters is +5, Pound, made it +3!y79; Short x*,.) and, New- 
ton as: ie . f YEP ae “ae 


ip 
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eta tion. Sometimes 7 or 8 belts have been ob- 
. served, and on the 28™ May 1780, Dr. Her- 
schel perceived the whole disc of Jupiter covered 
with small curved belts, or rather lines, that 
were not continuous across his disc. This ap- 
pearance of the planet, is represented in Plate 
Plate MI, III, Fig. 13, 14. The parallel belts, however, 
Fig. 13, 14. 

are most common, and in clear weather, may be 
seen. by a good achromatic telescope, with a 
magnifying power of 40. ‘The appearance which 
they exhibit in Dr. Herschel’s telescopes, is re- 
Fig. 15, 16.presented in Figures 15 and 16. Sometimes 
they are interrupted in their length, as in Fig. 15. 
At other times they seem to increase and dimi- 
nish alternately, to run into one another, or to 
separate into others of a smaller size. Bright and 
dark spots frequently appear in the belts, as re- 
presented in Fig. 16. Some of these revolve 
with greater rapidity than others, from which 
it appears, that they are not permanent spots 

upon the planet itself. 
When Jupiter was in his perihelion in 1785 
and 1786, M. Schroeter observed his belts with 
a four-foot Newtonian telescope, magnifying 150 
times. He perceived upon his disc, several new 
spots, which were black and round. In 1787, 
he saw two dark belts in the middle of Jupiter’s 
disc, and near to them, two white and luminous 
belts, resembling those which were observed by 
Campani. The equatorial zone which was com- 
prehended between the two dark belts, had as- 
sumed a dark grey colour, bordering upon yel- 
low. ‘The northern dark belt then received a 
sudden increase of size, while the southern one 
became partly extinguished, and afterwards in- 
creased into an uninterrupted belt. The lumi- 
_nous belts also suffered several changes, growing 


i] 
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sometimes narrower, and sometimes one half. CHAR: 


A ih 


ee than their original size. 

Different opinions have been entertained by 
astronomers respecting the cause of the belts and 
spots of Jupiter. By some they have been re- 
garded as clouds, or as openings in the atmo- 
sphere of the planet, while others imayine that 
they are of a more permanent nature, and are 
the marks of great physical revolutions, which 
are perpetually agitating and changing the sur- 
face of the planet.’ ‘The first of these opinions 
sufficiently explains the variations in the form 


and magnitude of the belts, but it by no means. 


accounts for the permanence of some of the spots, 
and the parallelism of the belts of Jupiter. The 
spot first observed by Cassini, which reappeared 
eight times between the years 1665 and 1708, 
could not possibly be occasioned by any atmo- 


spherical variations ; and its disappearance for . 


five years, between 1708 and 1713, is a pre- 
sumptive, though not a decisive argument, that 
it arose from some changes in the body of the 
planet. We are, however, rather disposed to 
think, that from the frequent appearance of this 


c 


spot, it is permanent upon the body of Jupiter, » 


and that its disappearance is owing to the inter- 
position of clouds in the atmosphere of the 


planet. If it were the effect of an earthquake 


or inundation, and if it were the mark of a new 
island or continent, as has been conjectured, 
upon what principle can we account for its re- 


appearance in 1713, in precisely the same form 


and position? May we not then suppose, that 


the clouds of Jupiter, partaking of the great Ve- 


¥ For another hypothesis, see PhiBBsopil Niaivees ie, 
Vol. xxv, p. sha 
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On the sa- 
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Jupiter. 
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locity of his diurnal motion, are formed into strata 
parallel with the equator ; that the body. of Jupi-; 
ter reflects less light than the clouds, and that the 
belts are nothing more than the body of. the. 
planet, seen through the parallel interstices which . 
lie between the different. strata of clouds. ‘The 
permanent spot seen by Cassini, will of, course . 
only be seen when it. is immediately below one 
of these interstices, and. will therefore. always 
appear as if it accompanied one of the belts. 
‘The four satellites of J upiter, of which a short 
account has been already given in Vol. J, may 
in general be seen with a telescope which mag- 
nifies 30 times. The third and fourth, indeed, 
have been sometimes seen with the naked. eye,* 
but it is only when the air is uncommonly pure, 
that we can expect to be indulged, with such a 
sight. ‘These small bodies have been observed 
by astronomers with great assiduity during the 
last century, and the tables of their motions have 
been brought to a degree of perfection which. 
the most. sanguine expectations of astronomers 
could never have anticipated. The tables of 
Wargentin, for finding the eclipses of. these 
bodies, and the, more recent and accurate ones 
of De Lambre, founded on La Place’s theory of 
their mutual attractions, have been of essential, 
use to geographers in enabling them to deter- 
mine with accuracy the longitude of places upon 
the surface of the Earth. ‘To astronomers, the. 


z See Phil. Mag. vol. xxv, P- 175. 

2 ‘his spot has always been seen in connection with the 
great southern belt of Jupiter. The belt indeed has been 
observed without the spet, but this was probably owing 
to a variation in the distance,of the belt from the equptan: 
of setae a ME | 
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system ‘of’ Jupiter 4nd his satellites is equally i in- cHar. 
teresting. Though a century and a half has , 
scarcely elapsed ‘since their discovery, yet from 
the extreme shortness of their revolutions, they 
present to us those preat and interesting changes, 
which are not’ effected in the course of ase 
centuries in the planetary system." |. 

~The following Table contains a full view of 
ii: elements of the satellites of J upiter, as dedu- 
ced from the theory of La Placéj and‘from: the 
most recent observations of modern astronomers. 
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I. Satellite. ; 


¥ 18h 27! 33" 43% 132 137 42" 
1:4 .769137787 _43.551181017 
14 18828" 39 9A790G}3 13 17: 53.74893 


3 Periodical revolution, 
Do. do. 


Synodical revolution, 


Circles, . 
10055 7° 24°. 49' 4 45'| 10285 38 22° 31’ 40/ 
20645 7° 25° 28' 11110285 3 23 13) 53” 


(Motion in 100 Siliaal 

| years, | 

E poch for 1760, 68 26° 18! 24” 

(Epoch for the mid. 
night, beginning Jan. 
1%, 1750, 


Sf eee SS ec SET: 


4s 179 4! 48" 


0 15.15 45 10 11 26 4g 


4 


ned eskchianastepiandel 


387119 22" 26" ae. 


Daily Motion, 38 23° 20° 20” 184” 


Distance of each satel- 5.965 : , 9.404 
lite, the radius of Ju- 5.67 9.000 
piter being Unity, _ 5.098491 9.060458 


Apparent mean dis- a 57"! 


tance, . 


vei" 


- 


3° 18/ 38 
3° 18' 38 


3° 48° 0 
3 18 O 


Inclinationoftheirorbits 
Mean inclination, 
Diameter of the satel- 
lites as seen from the 
center of Jupiter at 
their mean distance, 


an ae 


60’ 20" 2y! 42” 


182083464 1298 36520 


0° 35/ 37" 
10° 3/ 36" 


6° 1" 33" 
6° 17’ 10” 


Radius of the shadow] 
_in degrees of the or- 
bits of the satellites, 


1h 25’ 39"4 
1) 28 57.1 


‘See te 


at a eat ee 
1" 10 53.45 


S eemenemnetal 


iSemiduratien of Eclip 


SE8, 


—— 


Soe 


ime which each gatel | 
lite takes to enter 
the shadow, 


220" .01036 306",20730 


10° 13° 45’ 
9g) gt 


- 


Longitude of the node, 10° 14° 30 
1760, 

Annual motion of the 
node, 


oa Dee BOh aT A a 
Masses of the satellites} 0.0000173281 -0.0000232355 
that of Jupiter be-} 
_ing 1, 
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Til. Satellite. IV. Satellite. 


yd 3h 49’ 33" 16° 16% 32/ 8” 
7154552808 ~~ 116.689019306 
7 3 59 35.86754 |10 18 5 7 09174 
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Used by La Place. 
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6° 12° 27° 43" 


0 10°16 20 2 12 33 4 According to De Lambre 
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ee 


15.141 According to Newton. 
14.33. 95.3 According to Caégsini. 
14.461893 25.43590 Deduced by La Place 


from Kepler’s law. 


According to Wargentin. 


— 


According to Maraldi. 
According to Wargentin. 


According to M. Bailly. 


1271719456 According to La Place’: 


theory. 


3° 43" 58” 20° 8 2 According to Wargentin. 
355! B 2.12 20° . jAccording to La Place’: 


theory. 


2h 21’ 45"q4 


According to De Lambre. 
gh 97 13%) 
. 


According to La Place’s 
theory. 


Jh 46° 20"3 
1. O00. ak 


604”50604 63000762 According to La Place. 


10* 14° 24! 10% 16° 39 


Accordin gto Ww argentin. 
4 19” : .% 


EA GT ee Ce ee 


0.000088497 2 


0.00004265g1 {Calculated by La Place. 
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In looking | at the satellites of Jupiter through 
,® common telescope, they appear to. be of dif- 
ferent magnitudes, but their diameters are sO ex 
eo} small, that it is impossible’ to obtain an 
accurate measure of their diameters*by the ap- 


“plication ‘of the micrometer. The, eclipses. of 
- these bodies, however, furnish us’ with a me- 


thod of estimating their magnitude, for it is:evi- 


dent, that the largest satellite will. take longer 


trme than the smaller ones to enter into his 
shadow. In this way M. Bailly determined 


the diameters which are given in the preceding 
Tables The other measures which fellow them 


. in the same table were deduced by La Place 
from: the masses, of the satellites, and may be. 


C2 i a TREN en ARS eS 0 A 


considered as very accurate.’ By comparing the 
shadows of the satellites when seen upon the disc 
of Jupiter, Wargentin found that the 3* and 
4°" were five or six times larger than the 1", and 
the 1° twice as great as the 2°. According to 


Dr. Herschel, the third satellite of Jupiter is 


considerably larger.than the rest ;.the first isa 
little larger than the second, and nearly the size 


of the fourth, and the pai ¢ is a. little smaller, 
than the first eh fourth, or the smallest of the 


four... Hence the Doctor expresses nce relative 


magnitudes thus, aay te ips os, vs 


When the brilliancy of the satellites_of Tipit 


"ter is examined at different times, it’ appears to 


undergo a considerable change. By comparing 
the mutual positions of the satellites with the 
times when they acquire their maximum of light, 


: 2 s iit 4 
TD CLM, EA A Ohi SAN ek 


‘€ See Mem. Acad..1771 4p. 590, 619, 623. 
8 See Mecanique Celeste, tom.:iv, p. 1713 172. 
, Phil. Trans. 1797, Part II, p. 351. 
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Dr. Herschel concluded, ‘that ‘like our Moon, cHap. 
~ they all turned round their axis in the same time | 
that they performed their revolution round Jus 
piter. Maraldi had formerly deduced the same 
result for the 4° satellite, by peg the pe- 
riod of its variations. = 
From: the theory of the ecibueical attractions Theorems 
of the three first satellites, La Place has discover- oy Mia 
_ed two very remarkable theorems concerning: Place. 
their motions. He found, thatthe mean motion of 
the first satellite, added to twice the mean motion 
of the third satellite, is rigorously equal to thrice 
the mean motion of the second satellite; that is 
making m the mean motion of the 1°, 2m! that 
of the 2%, and m’ that of the 3°; we have by 
the theorem, tN Si vee 
. sialic en's Oost 
mM 4-2m!—3m'=0. sale 
By ater the mean motion of the sotalsies for 
100 Julian years, as determined. by De bambues 
La Place found, that, ~ 


m+ 2m!'—3m'= only 9 pai. 4 


a coincidence between: theory and mabe 
which is truly astonishing. 0 '" 
“ "The second theorem deduced by La Place is 
equally curious, though from particular causes, — 
it does not accord so well-with observation. He 
found, that the epoch of the first satellite, minus 
three times that of the second; ‘plus two times 
that of the third, is exactly equal'to @ semicircle, 
or 180 degrees, that'is, making V7 /':/ the mean 
Tongitudes, or epochs: of the satellites, we have 
| “T—31' 4.21" 180, by theory. 


By taking the real epochs of the three satellites 

forthe midnight; beginning the 1* January. 1750, 

as determined by, De Lambre, we obtain. , 
i—30'4.21"'= 180° i! 3”.6. 
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ORES "This result differs only 63 seconds from the 
theory; but the cause of this difference is very 
satisfactorily. explained by La Place.* 

From the last of these theorems it follows, 
that the three first satellites of Jupiter, can never 
be eclipsed at the same time. Tor if this were pos- 
sible, the longitude of the three satellites’ would 
be equal at the time of their eclipse, that is, 
Y wnd ifool if consequently, 


J—3 1! 6 2/"=0, 


which is impossible, When the 2! and 3: satele 
lites are eclipsed at the same time, their longi- 
tudes will be equal, that is, /=/’; consequently, 
in this case, the theorem becomes 

j—I'=180; 


‘that is, the difference of the longitudes of the 
1* and 2° is 180°, but the 2° being in opposition 
to Jupiter at the time of its eclipse, the 1* satel- . 
lite must be distant from it 180°; consequently, 
when the sECOND and THIRD Gateltives of Jupi- 
ter are simultaneously ‘eclipsed, the F1RST is al- 
ways in conjunction with Jupiter. On the. con- 
trary, it is obvious, that-when the Sun ts -simul- 
taneously eclipsed by the szcoND and THIRD 
satellites, that ts, when they pass at the same 
time across his disc, the F1RsT satellite is in op- 
position to the planet. 

By following out this saitisipleyen we shall find, 
that when the einst and THIRD satellites are 
simultaneously eclipsed, the difference between 
either of their longitudes and that of the SECOND. 
is 60°, for in this case /==/’, and the ag 
becomes 3 


© See Mecanique Celeste, tom. iv, p. 135, 136. 
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—31' 4.32" = 180°, or 
— U4. l= 60°. a 
In like manner we shall find, that when the 
FIRST and SECONDare simultaneously eclipsed, Aa 
difference between either of their /ongitudes and 
‘that of the THIRD is 90°, or the THIRD is in 
quadrature with Jupiter. For i in this case (=/', 
and hence 
—21' 4.21" == 180°, and 
om 1 1’ 90°. 

It is obvious from these interesting results, 
that a wonderful provision is made in the system 
of Jupiter, to secure to that planet the benefit of 
his satellites. When Jupiter is deprived at the 
same instant of the light of the 1* and 2° satel- 
lites, or of the 1* and 34, the remaining one 


of the three first, cannot possibly be eclipsed at 


the same time, but is in'such a point of its or- 
bit, as to give considerable ligt to the pla- 
net. ‘The simultaneous eclipse of the 2* and 3¢ 
satellites forms an exception to this remark, for 
at the same instant the 1* satellite has its dark 
side turned to the planet. Even in this case, 
however, the 1* satellite, when emerging from 
the Sun’s beams, is gradually turning more and 
more of its luminous hemisphere to Jupiter, to 
supply the loss of light arising from the want of 
the other two satellites. — 

We shall now conclude this account of Jupi- 
ter’s satellites, with giving the results obtained 
by La Place, from a comparison of his formula 
with observation. 

He found that the orbit of the 1* satellite 
moves upon a fixed plane, which passes constant- 
ly between the equator and the orbit of Jupiter, 
by the mutual intersection of these two last planes, 
whose’ respective inclination is 3° 5! 30”, ac- 
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cHaP. ‘cording to observation. ~ The inclination of this 
ok fixed plane upon the equator of Jupiter, is only — 
6} seconds iby:the theory. ‘The inclination of. 
the orbit of the satellite to its fixed plane is 
equally small, so that. we may conceive the 
1* satellite as\in motion upon a: plane passing: 
through the equator of Jupiter... “Althouga ng _ 
_excentricity has yet been detected in the orbit: 
of this satellite, yetit partakes a little of the ex- 
centricities of the orbits of the 3¢and 4" satel- 
lites, for in consequence of the mutual action of 
all, these bodies, the excentricity belonging td: 
each extends itself to all the rest in proportion, 
to their proximity to the tost,excentric orbit. 
The orbit of the 2° satellite moves upon a: 
fixed plane, which passes constantly between the. 
equator and the orbit of Jupiter, and which is in-, 
clined to, the equator of Jupiter 65”. 1,.and to) 
the orbit. of. the satellite 2749/20 The nodes: 
of this. satellite, have upon. this, fixed: plane, a: 
tropical, retrograde. motion, . whose, period | is. 
29 years, 9142. Phe excentricity,of, this satel=: 
lice is not yet determined, but like the 1", it~ 
participates in the excentricities of the:2¢ and. Bhat 
‘he orbit of the 3° satellite moves upon. a. fixt: 
ed plane, which passes constantly between. the; 
equator and orbit of Jupiter, and which is:inclined, 
to the equator of Jupiter 30° 5° 1 6y,and to: the; 
orbit of the satellite, 12/20". The nodes: of this 
satellite have upon: this: plane, ay tropical retro-) 
grade motion, whose periodds,141 years) :739.! 
Astronomers had supposed that.theorbits‘of the, 
three first satellites, moved upom thelequator ‘of 
Jupiter.;,- but they found that this‘equator had ay 
small, inclination upon the, orbit of the planet,! 
by the eclipses of the three first.satellites, . ‘This! 
di ilerence, of which they, did not-know the cause; 
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La Place has found to arisé from the motion of ar 
_ the orbits of these ‘satellites upon planes: in- 
lined to the equator, at different angles, incr 
‘sing with their distance from the planet. 
obtained also a ‘similar result for our Moon. 
The excentricity. of the orbit of the third. satel- 
one presents very singular anomalies, of on bp 
. La Place has discovered the cause. 
- The fourth satellite moves upon a fixed RY 
inclined 24’ 33” to the equator of Jupiter, and 
passing by the line of the nodes of this equator, 
between, the latter plane and that of the -orbit _ 
of the planet. ‘The orbit of. the satellite is in- 
clined 14’ 58" to this fixed plane ; and its nodes 
have upon this plane. a tropical. retrograde’ ‘mos 
tion, whose period is 531 years. In conse-— 
_ quence of this motion, the inclination of the, 
orbit of the 4™ satellite to the orbit of Jupiter 
is perpetually varying. The excentricity of its 
orbit is much greater’ than that of the orbits of 
_any of the other satellites. 
_ The position of Jupiter’s satellites with respect 
to the planet, and the figure of. their orbits, as 
seen from the Earth, may be easily found, for 
any given time, | from Tables that are published 
in the Tables de Berlin. «Their relative posi- | 
- tion is given in-the Nautical:almanack, for every | 
. day when Jupiter-is at such a distance from the 
_ Sun that the. satellites can ‘be teadily ‘seen ; or it: 
may beeasily found; by an instrument called a 
- Jovilabe, which was first’ constructed by Flam- 
Tans cand afterwards vile ping oh 


3 merry Sovilabe i is, Mjeschibed i in ays Phil. Trans . 
No. 178, and in Whiston’s Longitude Discovered, Sc. . 
description of Cassini’s may be found in Weidler’s ‘explicatie 


Jovilabit Cassiniand; A 727 ‘or int he ee s Astronomy, 
tom. iii, 197. 
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“Saturn. | 


“By. means of the powerful telescopes of Dr.’ 
_ Herschel. several very curiots and important 
~ discoveries have been made respecting. thus.i in< bs : 
teresting planet. | 

The double ring and body of Saturn are re- 
presented in Plate Il, Fig. 8, as they would — 
appear to, an Be placed in a line at right. 
angles to the plane of the ring. In, Figure 7, 
they are represented as they often appear when 
seen from the Earth. The double ring consists 
of two concentric rings, detached from each | 
other, and from the body of the planet, the. 
innermost of which is nearly thrice as broad as: 
the outermost. The following are the dimen- 
sions of this luminous zone, as determined by. 
. Dr Herschel.g | 


Miles. 
Inside dam cer ofthe interiorring, = « 146345 
Outside diameter of the interior ring, setgateak (oY 
Inside diameter of the exterior ring, ie 190248 
Outside diameter of exterior ring, —e  204883 
Breadth of the interior. ring, a 90000 
Breadth of the exterior ring, in Mire i 


Breadth of the dark space between the two rings, ‘2639 
Diameter of the ring, the orbit of the Earth be... i 


ing 13), a = tele ar us 26,8914 
Angle which, it subtends, when-seen at the mean 
distance of the plants, $61 a . « 25".332 


The ring vst Saturn casts a deep shadow upon ! 
the planet. _ It is sharply defined both in its in- 
mer and outer edge, and Sppeete to. he more 


-& See Phil. Trans, cod Part : 
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-fuminous than Saturn himself, Hence Br. Her-’ cae 
| schel has concluded, that it is not any shining __- 5 

fluid, or aurora borealis, as some have conclud-_ 
ed, but a solid body, equal in density to, the 
: planet. The Doctor is also of opinion, that the 
edge of the ring is not flat, but of a spherical, 
or rather spheroidal, form. 

In examining the plane of thet ring with a 

powerful telescope, Dr. Herschel perceived near 
the extremity of its arms or ans@, several lucid 
or protuberant. points, which seemed to adhere 
_ tothe ring.’ At first he imagined them to be 
_ satellites ; ; but he afterwards found, upon care« 

ful examination, that mone of the sateblites could 
exhibit such an appearance; and he therefore 
concluded, that these lucid points adhered to 
the ring, and that the variation in their position 
arose from a rotation of the ring round its axis, 
which he found to be performed in 10° 99/Rotation of 
154, This result is very remarkable; for if"* ®"6 
we conceive a satellite moving round Saturn, — 
and having for its orbit the mean circumference 
_ of the ring, and if we calculate, according to the 
second law of Kepler, its sidereal revolution, we 
shall find that the duration of its revolution is. 
nearly equal to the revolution of the ring. Ac» 
cording: to Dr. Robison, the inner edge of Sa- 
_'turn’s ring should revolve in 11° 16’, and the 
outer, edge in 17" 10° - Schroeter seems to 
_ doubt of the rotation of the ring. 

The surface of the ring of Saturn does not’ 
seem to be exactly plane. One of the ans 


When Are of anes was eacnite cbnaae to the 
eye, M, Messier. observed, upon it, several: luminous points, 
which, were greater..tham ther. delicate line. of light that: 
formed the anez of the ring. ag 

; % 


CHAP. 
Il. 


ene pear, and exhibited a part of i its plane surface. On, 


$ : ; ne , ie 
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sometimes - disappears, and presents its dark . 
,edge, while the other ansz continued to ap- 


_ the 9™ October 1'714,- the anse appeared twice _ 


as short as usual, aa the eastern one much _ 


longer than the western ; -and on the ee Oc. 
tober, Saturn was seen with only its western 


ansa.. On the 18” of January 7748 M. “Mes-* 


Me sier observed both she ansz completely detach-_ 


there are irregularities ‘on the*surface of the , 
ring, and that the disappearance of the ansee arises — 


La Place’s 3 
theory of | 
the Ring. 


ed from the planet, and the eastern one larger, 


than the aineee ie 1774, Dr. Herschel like- ” 
wise observed Saturn with a single ansa. From 


these observations, it is natural to conclude, that - 


from a curvature in its surface, 
These inequalities i in the surface. ‘of the! ring, 


are considered by La Place as absolutely neces- . 
sary for maintaining the ring in equilibrium 


round Saturn; and he has. shewn, that if the 
ring were a regular body, similar in all its parts, 
its equilibrium would be, disturbed by the slight- 
est force, such as the attraction of a comet or a 
satellite; and that if would finally be precipitated — 


upon the surface of the planet. Hence this ce- 


lebrated philosopher has_ concluded, that the 


different rings! with which Saturn is encircled, 


are irregular solids, of unequal breadth in dife 


ferent parts of their circumference, so that the 


centres of gravity do not coincide with their- 
centres of figure; and that these centres of © 


gravity may be considered as so Tea ‘satellites Oi 


i Mr. Short assures us, eu rwith an E atcelieat telescopes 
he observed the surface of the ring divided by’several dark 


‘concentric lines, which seem to’ indicate ‘a number of rings 


i de aanin to the number of dark bry Ml he Bid ion, ged) 


oo athe oat ac 
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‘circulating round Saturn; at ‘distances depend- CHAP. 
- ing on the inequality of the parts of each ring, 
and with periods of rotation equal to those of 

their respective rings. Hence the ring will turn 
round its centre of gravity in the same time that 

‘it revolves round Saturn, It is obvious, that 
‘the action of the Sun and the satellites of Saturn 
upon these rings, ought to produce motions of 

‘precession analogous to those of the Farth’s 
equator; and that as these motions ought to be 

different for each ring, they ought finally to 
move in different planes. This result, how- 

_-eyer, is contrary to observation; and, according- t 
dy, La Place has discovered, that the action of 
the equator is the cause which retains all the 
_rings in one plane. Jt was from this phenome- 
non, of which the cause is now apparent, that 
he ascertained the rotation of the planet, before 
Dr. Herschel had determined it by direct ob- 

seryation.® 

Not content with explaining the various phe- Opinions 
nomena presented by the ring of Saturn, astro- eae 
nomers have travelled beyond th: precincts of of theRing. 
their science to explain the manner m which the 

ring was formed. Maupertuis has niaintained, 

_ that this luminous girdle wasthe tail of a comet, 
which the attraction of Saturn had compelled to 
circulate around him.! Mairan asserted, that 
the diameter of the planet was originally equial to 

the diameter of its outer ring ; and, that by some 
unknown cause, the exterior shell of Saturn 
-was broken to pieces, which were attracted by 

his body: But the equatorial parts of the exterior 


x See Mecanique Celeste, tom. il, is Ps 105, ay and Mem, 
~ Discours sur la Agure des Astres, 


~ 
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shell remained entire, and thus formed a ring 
about the planet. Buffon imagines that the 


“Y~ ring is a part of the equator which has been de- 


-~ 


tached by the excess of centrifugal force. With. 
out spending time to refute such absurd hypo- 
theses, it may be sufficient to observe, that we 
may as well attempt to account for the forma- 
tion of the satellites as of the ring of Saturn; 


that none of them seem to have been the effect. 
_ of any accidental cause; and that the most ra- 


tional solution. of the difficulty is to suppose, 

that when Saturn was created and launched into 

the heavens, he was at the same instant encir- 

cled with a luminous ring, to answer some im- 

portant purpose, which astronomers have not 
et had the sagacity to discover. hte 


' The disappearance and reappearance of Sa- 


turn’s ring haying been already explained in 
Vol. I, § 204, we shall conclude this interest- 


ing subject, by pointing out the method of deter- 
mining the phases of Saturn’s ring for any given _ 


time. The Table which is employed for this pur- 
pose, serves also to find the form of the orbits 
of the four first satellites of Saturn, as seen from 


rt 
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“TABLE PiSay Soni the diberent fieure of. the CHAP. 
ring and the orbits of the Sour ue satellites of iI. 
Saturn. } 


Argument Long. oF Saturn Es 13° 43’ 07 ; 


3 In order to find the fiedite up Saturn’s ‘ring, Use ef the 
add 13° 43' 30” to the Geocentric longitude of Tbs 
Saturn, and with this as an argument, enter the 
table with the signs at the head or foot, and the 
degrees at the-side; and the corresponding nume- - 
bers in the table will express the smaller axis 
of the ring, the greater axis being 1000. This 
result, however, requires a correction, which 
depends ; upon the latitude of Saturn. Reduce 

his latitude, therefore, to seconds, and the fourth — 
part of his latitude, thus reduced, being applied 

to the preceding result with the sign — if his 
latitude be north, but with the sign ++ if his 
latitude be sottth, will give the true apparent 
size of the lesser axis s of the ring, , | 
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Let it be required, for example, to find the 
form of Saturn’s ring on the 25" December 
1809, when the Geocentric longitude of Saturn 
is 8° 9° 98/, and his Geocentric latitude. a heh Mody 
or 97/ north, 


To eer oiistinds of Saturn, 8° 9° 28" heat 4: 


Add the constant quantity, © -- 13° 43’ 30” 

Det aeramenty 7 oe ree os ONY vary 
Which corresponds in the table with = - = -+- 0.517 
Apply one fourth of the latitude, or 97 © = 0,024 
_ The smaller axis oF the ring, = of- 0.541 


'° Hence the smiled axis of Saturn’s ring is to 


its greater axis, at the given time, as 541 Is 
to 1000, so that the ring will be very open on 


_ the 25 December, nd may be easily, seen with 


a telescope, ‘When the sign’ + is before the 
result, it indicates, that the most distant half of 
the ring is farther north than the centre of Sa-_ 


- turn, and, consequently, that we see the upper 


Figure of 
‘Saturn. 


or northern surface of the ring... The opposite 
‘sign — indicates, that the most» distant half of 
the ring is more south than the centre of Sa- 
turn, and the southern side of the ring is then 
visible, The result which is thus obtained, 
marks also the figure of the orbit of he four : 
first satellites of Jupiter, a 
When we look with a good telescope’ at ies 
body of Saturn, he appears, like most of the. 
other planets, to be of a spheroidal form, arising’ 
from a’rapid rotation about his axis. On the 
14" September 1789, Dr. Herschel measured: 
his diameter, and found that the equatorial dia- 
“meter was 22”.8, and the polar diameter 20.6, 
which DB the PROROTHRR: of nearly 10 to Ide. 


. 
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- It appears, however, from more recent obser- CHAP. 
vations made by the same astronomer,: that the, bi 
olar is to the equatorial diameter as 32 to 35, 
or as 11 to 12 nearly. Till the year 1805 Dr. 
- Herschel had always regarded Saturn as an — 
“accurate spheroid; but onthe 12" April of 
that year, he was struck with a very singular 
appearance exhibited by the planet.” The flat- 
tening at the poles did not seem to begin till a 
very high latitude; so that the real figure of the 
planet resembled a square, or rather a parallel- 
logram, with the four corners rounded off deep- 
ly, but not so much as to bring it to a spheroid. 
After examining Saturn with his telescopes, and 
comparing it with the form of Jupiter, Dr. 
- Herschel concluded that this was the real form 
of the ring. ‘This form of the planet is re~ 
presented in Plate II, Figure 7. The follow- Plate n, 
phe are the proportional dimensions of Saturn’s **: *8-7- 
met ay tern ry | ay 


Diameter of the greatest curvature, - + 36 

Equatorial diameter, = RNG AON hath bs Si 

Polar diameter, heh A eT aE 32 
_ Latitude of the longest diameter, “Vm 6 .48"°20" 


The surface of Saturn is diversified, like that Spots and 
of some of the other planets, with dark spots snot 
and belts. Huygens observed five belts, which 
were nearly parallel to the equator. Dr, Her- 
schel has likewise observed several belts, which 
in general are parallel with the ring. On the 
11” November 1793, immediately south of the. 

- shadow of the ring upon Saturn, he perceived a- 


oe. 


See Phil. Trans. 1805, Ya 
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"bright, uniform, and broad belt, and close to it 


a broad and darker belt, divided by two narrow 


white streaks; so that he saw five belts, three. 


of which were dark, and two bright. The dark 
‘belt had a yellowish tinge." These belts gene- 


sete cover a larger zone of the disc of Saturn - 


than the belts of Jupiter occupy upon his surface. 


- Dr. Herschel has likewise perceived dark spots — 


upon Saturn’s disc; and, by the changes in their _ 


position, | has determined the daily rotation of 


' the planet to be performed in 10° 16' 0’.44,° 


round an axis perpendicular to the plane of 
the ring. La Place had formerly found from. 
theory, that the interior ring ought to perform 
its revolution in 10 hours.’ The ring of Saturn, 
therefore, revolves in the same time nearly as 
the planet, and round the same axis. _ 


It is well known, that the flattening at the 


poles of the Earth, Jupiter, Mars, and Saturn, 
arises from the centrifugal force of their equa- 
torial parts.1, On account of the great diameter 


of Jupiter, and the rapidity of his daily motion, — 


his equatorial parts move with immense velo- 
city; and, therefore, in consequence of their great 


centrifugal force, this planet is more flattened 


at his poles than either the Earth or Mars. It 
is remarkable, however, that Saturn should be 
more flattened at his poles than Jupiter, though 
the velocity of the equatorial parts of the former, 


is much less than that of the latter. When _ 


+ 


we consider, however, that the ring of Saturn, 


® Phil, Trans. 1794) p28. . | | 
® Phil. Trans. 1794. tay ra alte 


\ 


 P Mem. Acad. 1787. pare: t 


4 A machine-for illustrating this experimentally, is dee 


scribed in Ferguson’ lalate Vol.d, Lect. i, p- 05 
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Jies in the plane of his equator, and that at as ‘ean. 
equally, if not more.dense than the planet, ""_, 
| me tt find no difficulty in accounting ri the 
great accumulation of matter at the equator of - 
Saturn. The ving acts more powerfully wupan | 
the equatorial regions of Saturn than upon any 
_. part of his disc; and by diminishing the gravity 
of these parts, it aids the centritugal force in 
flattening the poles of the planet. Had Saturn, 
indeed, never revolved upon its axis, the ac- 
tion of the ring would, of itself, have been suf- 
ficient to give him the form of an oblate spheroid. 
~The planet Saturn is surrounded with mo Satellites of 
fewer.than seven satellites, which supply him with °" 
light during the absence of the Sun. ‘The fourth © 
of these satellites was first discovered by Huy- 
gens, on the 25" March 1655, Cassini dis. 
covered the fifth in October 1671, the third on 
234 December 1672, and the first and second 
in the month of March 1684. The sixth and 
seventh satellites, which were discovered by Dr. 
“Herschel in 1789, are nearer to Saturn than 
-any of the rest, though, to avoid confusion, 
they are named in the order of their discovery. 
. These satellites are all so small, and placed at 
‘such a distance from the Earth, that they can- 
not be seen unless with excellent telescopes. 
Wargentin saw the five old satellites with an 
achromiatic telescope of ten feet; and on the 
19" December 1793, Dr. Herschel saw them 
- distinctly with a power of 60 applied to his ten 
feet reflector. Thesixth and seventh are the small- 
est of the whole; the first and second are the 
next smallest ; the third is greater than the first 
and second; and the fourth is the largest of them 
all. ‘The fifth satellite surpasses all of them but 
the fourth in brightness, when it is at its western 


\ 
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ene. elongation from Saturn ; ; but at other times it is 


_ extremely small, and entirely disappears at its 
eastern elongation. This phenomenon, which | 
was at first observed’ by Cassini, appears to arise 
from one-part of the satellite being less luminous 


Variation than the rest. In consequencé of the rotation 


in the light 
of the fifth 


satellite, 


of the satellite and its axis, this obscure part of 
_of its disc is turned, like the Earth’s, when it is 


in the part of its orbit east of Saturn; and the 
‘luminous’ part of its surface becomes. visible | 


while it enters into the western part of its orbit. - 
Dr. Herschel observed this satellite through all 
the variations of its light; and concluded, that. 
like our Moon, and the satellites of Jupiter, it 
turned round its axis in the same time that it 
performed its revolution round: the primary 
planet. When he used his twenty feet telescope, _ 
he never lost sight of the satellite, even when | 
its light was most faint.. | 

The first satellite of Saturn revolves at ‘the 
distance of 4.893 semidiameters of the planet, 


in 14 21° 18/ 26”; the second at. 6.268 semi- 


diameters of Saturn in 24 17" 44! 51”; the third 
at 8.754 semidiameters of Saturn, in 4° 12° 25/ 
11”; the fourth at 20.297 semidiameters of Sa- 
turn, in 15° 22" 41/ 13”; the fifth at 59.154 
semidiameters of Saturn, in 79° 7" 53’ 43”; the 
sizth at 3.080 in 23" 37’ 23”; and the seventh 
at 3.952 semidiameters of Sacchi in 1¢ g8 53 

0”. The following Table shews, at, one view, , 
the various particulars which are known oe Sine 
ing these renee fh | 
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| Serawrw Satellite.| Srxrm Satellite. | \ Fins? Satelite. 


es i . ee 


Periodical revolution, 1d gh 53’. gy” \22h 37-23" {id 2uh 197 26.2!” 


| 


Synodical revolution, | 1 8 53 24 [22 37 $0 | 21 18 54.8 


Periodical revolution: Dey dh Gil ba 3 a D. 
in days and decim. | 0.04271 1.37024 1.88780 


Do. in seconds, —«- |.-—- 81443” 119389” ~— | 163106" 


ee oD 


Longitude 1st any | | | : 
i7o8, | An LOS 27° 537 


Hus tagtion. ) . ist : , 6s 10° 41/ 53” 
48 4° 44% 49” 


{Distance is diameters] , 
of the rings, accord at Uo twats ( : 
ing to Bradley, i Pre cra 1.0485 


In diameters of Saturn, 1.540 © bse tid, /9.5465- 
Inmin. and sec. Doe es, bi Gr? 


{In French leagnes, } 44053 — | 65149 

Inclination of orbit, — LG 

Place of eee accord- ie | REGED 
ing toLa Lande, | 5° 17° 5° Re Mee RR Fa 

_|According to Cassini,; 5° 229 | 5® 22° | 58220 


58 160 20’ =| 58 16° 20’ | 58 160 20" 


58 20° 30’ =| 58.162 30’ | _ 58 20° 30°. 
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SECOND. Satellite. | Tarp Satellite. | FourtH Satellite. Firrat Satellite. 
qd 7h aa! 51", 2\4¢. 12h 95! 11”. us 154 ‘a9h 41! 137.1 7yd ba 53’ 42”. 
ALY, 45. 51.0 |4 12 27° 55.215 sash 15 20.2 79 22. 3 12.9 


‘D. | D. Naas Geet A De 
2.73948... 390311 F ASGASS ‘79.3205 - 


—23dg9” | 4.51749 | 1377078 ~—s |. 6854023 
108 75 45°. 1 58 25°25! ERS ees 20° | 48, 20° 29° 
AS 11° 32’ 6" | 28 19° 41’ 24” 08 22°. 34! 38” 08 42°32? 17" 


48 10° 15’ 19” ¥ 16°. 57 5! 108 20° 40! aul! yb 62: 93! 87" 


1.876. | 4949 | 12.674 
4977 | 10.1478. |, 29.877 
118 : ik 3"10- ie: 9’ 42''.5 


116458 | 270048 | sg4is2 

24° 45° 

58 179G° | 583795’ | 58.170 5! | gs 250 BF 
55.220 | 5so2s | g8.990 | gs ge 
16° 20’ | 55 16° 20’ |. 58 16° 20! 


5§ 20° 30’. | 58 209.30 58:20° 30’ 
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“The position of thie satellites of Saturn, and Yi 


“the figure of their ‘orbits, may be easily found — 
for any particular time,by_ tables of their motions, 


calculated by Cassini, and given in the Tables de 
Berlin and from tables, calculated by Dr, Her- 
schel, and published in the Philosophical Trans-. _ 
actions for 1790. Their configurations: may > _ 
also be found by a very simple instrument called _ 


"a Saturnilabe, which is described in La Lande’ Ss 


La Place’ 3 
_ theory of 
the satel. 


Astronomy, vol. Ill, p. 203. 
~The theory of the satellites of this planet is less ~~ 
perfect than that of the satellites of Jupiter. The 


Tites'of Sa- difficulty of observing their eclipses, and of 


ia thir 


ad 


measuring their’ elongations, from Saturn; have | 
prevented astronomers’ from determining with ~~ 


their usual precision, the mean distances and the 
_ revolutions of, these secondary; planets. Inthe 
position of their orbits, however, there is some- 
thing very remarkable. While the orbits of the 
six inner satellites, that is the first, second, third, | 
fourth, sixth, and seventh, all lie in’ the plane aN 


of: ‘Saturn’ s ring, the orbit ‘of the fifth deviates _ 


considerably from this plane. La Place -ima- 
gines that the accumulation of matter.at-Saturn’s- 
equatorial parts retains the orbits of the six first 
» Satellites in the plane of the equator, in the same 
gmanner as it maintains the ‘ring in that plane.” 
The action of the Sun, indeed, tends to draw _ 
them from the plane ; but the’ effect of this ac- 
tion becomes sensible only on the orbit of the 
fifth or inner satellite, which sufficiently accounts 
for the deviation of its path from the general 
plane i in which Saturn constrains the other satel- _ 
lites to move. The orbits of the satellites of 
Saturn move, like those of the Moon, and the 
satellites of Jupiter, upon fixed planes, which 


a 
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pass constantly by the nodes of the equator iat CHAP. 
the orbit of Saturn, between their two last, | 
planes. Their orbits preserve their inclination 
almost invariable, and their nodes have a re- 
trograde motion nearly uniform. . 


* See Mecanique Celeste, tom. iv, p. 173, 185. 


FOR 


Accouns, OF. NEW ‘Discovertss,, &o. RESPECTING 
THE BODY OF TUE BUN, AND Irs MOTION’ IN FREE 
‘SPACE. ; “ey 


We HEN we took at ne Sun with’ a seleeope of CHAE, 
‘moderate magnifying power, furnished with a i 
piece of black’ glass, ‘to intercept a portion 

of the solar rays, we occasionally perteive a’ 
number of ‘dark ‘spots upon its surface, of’ 
various forms and magnitudes, ‘Though these’ 

‘spots have sometimes been sufficiently large 

to be distinguished by the naked eye; yet —- 
‘they wére not discovered till after the in- 
vention of the telescope. They'seem to have” 

been first’ seen either by our countryman Hars’ 

riot, to whom the science of algebra was under’ oe 
great obligations, or by John "Fabricius, who! 
published an account of his observations in 1611," 

at Wittemberg.* The dedication of this’ work : 

is dated 13% June 16113; but the observations Obseria 
of Harriot upon the solar’ spots began on the Hartict 
8 of December 1610.” It is obvious,* indeed, ae 
from the: work of Seducing nae pe ee seen 
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PORE Shite Gas W BEA eae ; ; ‘ 


ae sch f) Ps a? Ss Ca Attn ULAR 
Ms a 'Phis ae is veafitted J oki Fabridit L Pegi ds te 
“in Sole observatis, et dppagente earum cum Sole conversione 
pornaty,. ; Witteberge 1611, Ato, 43 pag. 4 
b See? Ephemerides de Berlin, 1788; p. 1544 
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- the Sun’s spots during the year 1610, but it is 

not certain that he saw them before Harriot. 
It is a remarkable circumstance, that Fabricius 
was acquainted with no method of intercepting 
a portion of the solar rays, in order to save the 
eye. He observed the Sun when he was in the 
horizon, and when his brilliancy was impaired 
by thin clouds, and floating vapours; and he 
advises those who repeat his observations, to 


receive at first a small portion of the Suh, and 


gradually to accustom the eye to a greater por- 
tion, till itis able to bear the full blaze of its 
light. When the altitude of the Sun became 
considerable, Fabricius was compelled to aban- 
don his observations; and he informs us, that . 


his eye was so much affected by the impression 


of the’ solar light, that, during the two following. 
days, he could not see objects with the same 


distinctness as formerly. . 


At the beginning of the year 1611, Saicacr 
and Galileo seem to have observed, ‘about the 
same time, the spots of the Sun. ‘Scheiner was - 
professor of mathematics at Ingolstadt; and hay- 
ing accidentally turned his telescope to the Sun, 


' when thin clouds were flying across his dise, he 


perceived a number of black spots, and shewed 


them to several of his pupils. The report of this 


discovery was widely propagated’; and though: 
Scheiner. was solicited by many of his friends — 
to publish an account of the solar spots, yet. 
he was prevented from yielding to their wishes, 
by a dread of the ecclesiastical power. His 
friend Marc Velser, however, who was one of 
the magistrates of Augsburg, andto whom Schei- 
ner had transmitted ‘a detail of ‘his observations, i 
published an account of the discovery, on the 
5° January 1612, in three a under the 
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signature of Apelles post Tabulam. Scheiner CHAP. 
imagined that the spots which appeared on the 
Sun did not belong to that luminary, but ‘were 
planets, like Mercury and Venus, which revolved. 
in orbits not very distant from the Sun. Ga- Observa- 
lileo, who had already made many observations (1). 
on the solar spots, and to whom Velser trans- 
mitted a copy of Scheiner’s letters, with the re- 
quest that he would favour him with his opinion 

of the new phenomena, was at first averse to 
hazard his sentiments on a subject which might 
_ again provoke the hostility of the church; but, 

on the 4" of May 1612, he at length ventured 


to express his opinions to Velser, and to com- 


_ bat the notion entertained by Scheiner, of the © 
- cause of the solar spots. Galileo observed, that 
these spots were not of a permanent form, as they _ 
ought to have been if they were satellites; but 
that they often united, and separated, and in- 
creased, and dispersed like vapours or clouds. 
~ He maintains, that these spots are upon the sur- — 
face of the Sun ; that they:describe circles pa-_ 
rallel to each other ; that the motion of the Sun 
round its axis every month, again presents the 
spots to our view; that some of the spots con- 

tinue one or two days, and others thirty or for- 
ty; that they contract in their breadth, when 
_ they approach the Sun’s limb, without suffering 
any diminution of their length ; and that they 
are seldom seen at a greater distance than 30° 
: erro the Sun’s equator. Galileo likewise tr 


® 


. & icheiner many years TASES published a hee work 
- on this. abject, entitled, Rosa Ursina, swe Sol ex admirando 

| rum et macularum suarwm phenomeno varius, a Chrise 
- tophore & cheiner, Germano Suevo, e societgte Jesu. 1030. 
visi 774 pag. 
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CHAP. ceived on the ise of the Sun facule or lucult, 


eh ; which are spots: brighter than the rest of his 


the dark SHots, Sia y: ij 


disc, and which: move in’ the same manner ‘as 


General’ The spots of sh Su, aon ri distinctly ‘ee 


aa served by astronomers. since the time of Galileo, 


spots. and many new and curious’ facts have been 
--brought to. light: respecting these: Antéresting 
: phenomena,» The spots are very various, both 
»in magnitude and:shape Most ef them havea 


very dark nucleus, surrounded by:an umbra or 


a fainter shade. ‘The boundary) between the 
~umbra and the nucleus is. distinct? and well de- 


fined, and the part ‘of the umbra nearest the 


- dark nucleus ‘is: generally brighter. than | the 
miore distant: portion. However irregular be 
the outline of the dark nucleus, the outer cir- 
_cumference of \the umbra is always. curvilineal, 
without any: angles. or sharp projections, When 
any spot begins to increase or diminish, the mu- 


‘cleus and umbra expand and: contract at the 


‘same time. During the process of diminution, 
the umbra encroaches gradually upon the nu- 


' cleus ; so that the figure of the nucleus, and the, 


\ 


boundary between it and. the umbra, are ina 


state of perpetual change ; and it often happens, 
that during these variations,, the encroachment 


of the umbra divides the nucleus into two or 


more ‘nuclei. © When the: spots disappear, the 
~ umbra cantons for a sho 
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4d An account nF Galileo’ S Gore auene en a found j in 


his book, ‘entitled, storia’ Dimostrazioni, ete ali. 
is work, 


_ -macchie solari, Roma, 1613; Inthe preface to tl 
he observes, that he showed the spots in the' { 
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the nucleus has vanished, and idleas the umbra_ 
is succeeded by a facula, or luminous spot, the 
place, where it disappears resembles the other 
portions of the solarsurface. Large umbrz are 
seldom seen without a nucleus in their centre, but 
small. umbrz: frequently appear by themselves, 
When Dr. Long was examining the Sun’s image, 
received upon, a sheet of white paper, he ob- 
served a-large round spot divide itself into two, 
which, receded from each other with i immense 
rapidity. The Reverend Dr. Wollaston: per- 
 ceived-a phenomenon of a similar kind, with a 
"twelve inch reflector. A spot burst in pieces 
when he was observing it, like a piece.of i ice, 
which, thrown upon a frozen pond, breaks in 
pieces, and slides in various directions, 

Beside these changes in the spots, which are 
owing to-some cause with which we are yet un- 


CHAP, 
Ill. 


haat een 


acquainted, they undergo variations of an op- 


tical kind, from their changé of position on the 
disc of the Sun. ‘The nature of this variation 
will be. easily understood, by placing a black 
spot upon a common globe, and observing the 
different shapes which it assumes, while the globe 
is made to revolve about. its axis. .When the 
spot is near the middle of the Sun’s disc, its 
breadth is then greater, but it diminishes gra- 


dually as it advances towards the edge of his — 


disc, This variation in the figure of the spots, 
and some of the other variations already men-- 


tioned, are represented in Plate III, Fig.17 , where 
_ AB is a portion of the Sun’s disc, and G, , A, are 


Plate fil, 
ane Fig. 


17 
the appearances of a spot on seven successive days, ©” 


as ) served by, Hevelius. Hence it is obvious, that 
| ‘spots are upon the surface of the Sun, and 
he across his as from east to west, 
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Cae his axis. The time in which, any spot ‘returns 


,to its former position upon the Sun’s disc, is 


Rotation of about 27 days, 7 hours, and 37 minutes ; but 


the Sun, 
deduced 


from the 


as the Earth has, during this time, advanced in 
its orbit from east to west, and in some mea- | 


motion of sure followed the motion of the spot, the real 


his spots, 


time in which the spots perform their revolutions, 
will be found to be 25 days, 10 hours. This 
will be understood, by supposing that a spot 
has just vanished ‘behind the western limb of 
the Sun; ; In the course of 27 days, 7 hours, 
and 37 minutes, it again vanishes behind the 
same limb; but, during this interval of time, 
the Earth ce advanced i In its orbit, and in the 
same direction with the spot; and therefore, 
when the spot reaches the Sun’s western limb, 
after one complete revolution, the western limb 
of the Sun, behind which it vanishes, has shift. 
ed in abéolute space to the westward, so’ that 
the spot has performed a complete revolution, 
and part of a revolution round the centre of 
the Sun. We have, therefore, 865° 5° 48) + 
27° 7" 8i7!, or 3998 13% 25 is to 865% 5" 48”” as 
2737" 37/, the apparent revolution of the spots 
Is to 25° 9h 56’, the real revolution of the spot, 


_ or the time in which the Sun performs his rota- 

tion about its axis. The axis of the Sun, round — 
which this revolution is performed, is inclined — 
7° 20’ to the ecliptic, and 


: node of the solar 


equator is in the 18" degree of 
solar spots are never seen towards the poles of © 
that luminary. They are generally confined 


within a zone, stretching about 30° 5’ on both — 
sides of his equator, though sometimes the 


we 


been seen in the latitude of 39° 5. oe 
M. Silberschlag of Magdeburgh made ‘s 
ral observations on the solar spots in the your i 
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1768, from which he draws’ the strange con- CHAP. 

élusions, that they have a motion of rotation, ™_ 

and that they change their place on the surface’ 

of the Sun, independent of his monthly revolu- 

tion, He also concluded, that the spots had — 

not merely the dimensions of length and breadth, 

but that they consisted of thick masses of opaque 

matter.© | 
Galileo, Hevelius,' and Maupertiis, & seem to Theory of 

have considered the spots as the scoria floating in st 

the inflammable liquid matter, of which they con-, 

‘ceive the Sun to be composed. ‘This opinion, 

however, will appear highly improbable, when 

we consider the regularity with which the spots 

frequently re-appear on the eastern limb of the — 

Sun, and the effect that the centrifugal force of 

the Sun would have in carrying all these floating — 

exuvie to the equatorial regions. — , : | 
-M. de la Hire and La Lande, consider the Opinion of 

sola spots as arising from the opaque body o ne SP iaaes 

the Sun, the eminences of which are sometimes Lande. 

' uncovered, in consequence of the alternate flux 

and reflux of the liquid igneous matter in which 

that opaque mass is generally enveloped. The 

part of the opaque mass which thus rises above 

the general surface gives the appearance of the 

nucleus, while those parts of the opaque mass 

which lie only a little beneath the igneous mat- 

ter, produce the a y arance: of the surrounding 


- This theory i been very ably opposed by Dr. Wilson's 
our learned countryman, the late Dr. Wilson, Theor 
; _scoeoneaiall of practical opabinadede in bias unie 


nouillis ‘Tiehees ss darcomninits P: Gy * 
| ius’ Selenographia, p.83. — 
‘ CEupres de Mavpertuis, vol, i, p, 64. 
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“CHAP. versity, of Glasgow, who. maintains, with great 
appearance .of. truth, that the solar, spots are 
ca depressions» rather than: elevations; and that 
the black nucleus of every spot,.is the opaque, 
body of the sun, seen through am opening in. 


the luminous atmosphere with which, he »is - 


encircled, This, explanation iwas, suggested to 
Dr. Wilson by the phenomena of the great so- 
- lar spot which appeared in November 1769, and 
is founded on the following facts + “When any 
“spot is about to disappear behind the Sun’s west- 


ern limb, the eastern portion of the umbra. first _ 


contracts in its breadth, and then vanishes. 
The nucleus then. gradually contracts and. va- 
nishes, while the western portion of the umbra 
still remains visible. Whena spot comes intoview 
on the Sun’s eastern’ limb, the ‘eastern portion 
of the umbra first becomes, visible, then the 
dark. nucleus, and then the western part of the 
umbra makes its appearance,” ‘When. two spots 
are near each other, the umbra of the one spot 
is deficient on the side next the other; and when 
one of the spots is much larger than the other, 
the. umbra of the largest. will be completely 
wanting on the side next the small one. If the 


large spot. have little ones on each side of it, — 


its umbra, does not totally vanish, but seems 


flattened and pressed in towards the nucleus ; : 


but the umbra again ¢ 
pressed state as soon as the 
Pile W ‘From this cause,. Dr. .W 


ands. from. this com- 
elittle spots disappear, 


it concludes, that 


. the western portion of the -umbra may disappear _ 


before the, nucleus, when a small spot happens 


to appear on the western. side of the ie 


All these appearances strongly confirm/th 


-nion of ON knoe oral’ the’ black: pit 


upg’ 
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spots is the dark body of the Sun seen, Minos CHAP, 
an opening in the luminous matter. ave 

The Rev. Dr. Wollaston,and M. de La Lande, es 
Bpkerar; have maintained, that though the umbra 
generally varies according to the manner now de- 
scribed, yet the phenomenon is not universal, and 
cannot, therefore, be employed as the founda- 
tion of a system. La Lande mentions three obs 
servations of his own, and four observations by 
Cassini and De la Hire, in which the umbra. did 
nof) vanish, as Dr, Wilson describes it.,:.. This 
anomaly, however; may have arisen from some 
sma!l spots in the. neighbourhood of the large 
i and. cannot possibly be considered.as an 

argument, that the spots aré not excavations on 
she Sun’s surface. At all events, it, may be 
shewn, that. jn some spots the umbra may not 

change as it approaches the limb, in consequence 
of the shallowness and gradual shelving of the 
vn peach in the luminous atmosphere. 

Invorder to confirm experimentally his ls Dr, Wit. 
8: the solar spots, Dr. Wilson. constructed “saa 
globe,’ “consisting. of two, strong hollow hemi-* 
spheres, formed by pasting, slips of paper upon 
‘a wooden ball, and afterwards fastened toge- 
ther ‘upon an iron axis. A thick paste, made 
of glue) and) Spanish white, were laid, in suc- 
cessive: coats, upon this outward, shell, till it 
became» of considerable thickness... The globe | 
- qwas then made hand spherical; and as 
_ soon as; it-was dried, and the crust white, fhe - 

. Spots or! ‘excavations were’ made in its surface, 
_ (by boring instruments of steel, constructed, in 
all ie sre chase froin a ‘scale. of parts of 

? di The: bottom of. ihe 
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@HAP. cavations, were distinguished from the bright- 


{ll. 


ness of the external surface by a shade of the 
pencil, which increased towards the external 
border. When this artificial Sun was fixed in 
a suitable frame, and examined, at a great dis- 
tance, with a telescope, the umbra and the nu- 
cleus exhibited the same phenomena which have 
been observed in the real Sun. 


La Lande has objected to Dr. Wilson’s theory}, | 


that the great-spots seen by De la Hire on the 
3* June 1703, and by Cassini in 1719, made an 


indentation, or notch, in the solar disc, which - 


he conceives to be incompatible with the opi- 
nion that this spot was an excavation, Dr. 
Wilson, however, has shewn, that excavations 
may cause something like an indentation in the 
Sun’s limb; and maintains, that the notches do 


not always accompany large spots; and that the 


unfrequency of their occurrence, and the want 
af accurate observations, should preclude as- 
tronomers from bringing them forward in eel 
port of any class of opinions. 

We conceive that the most irrefragable ob- 
jection to the opinion, that the spots are emi- 


nences, which rise above the general level of — 


the luminous matter, arises from the uniform 


diminution of the spots, as they advance from 
the central part of the Sun to his western limb. 
If these dark solar mountains are deserted ‘by 


the luminous matter, why d@ they appear largest — 


when they reach the centre of the Sun’s disc? 
Whenever the height of the mountains great. 


ly exceed the diameter of their base, instead. 


of contracting in the dimension of breadth, 
they ought to increase as they approach the 
-Timb3 and, at all events, should exhibit pheno- 


_ mena very different from what should take place 


ne i a et 5, 
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upon the supposition that the spots are depres- CHAP. 
sions in the luminous matter. It may be said, ia 
indeed, that the height of these eminences bears 

no proportion to the diameter of their base; 

but this is an assumption of which no theorist is 

entitled to avail himself. 

The facule, or parts of the surface of the Faculz, or 
Sun which are brighter than the rest of his Pianeta ee! 
require to be examined with good telescopes, Sun. ~ 
They ‘are generally seen in the places where 
spots have appeared; and sometimes the facula 
which envelopes an assemblage of spots, is dis- 
tinguished by a very great degree of brilliancy. 
These facule, according, to the reverend Dr. 
Wollaston, are often converted into dark ones. 

He observed a bright facula appear on the east 
limb of the Sun, which next day became a 
spot." He alsv observed a mottled appearance 
‘over the face of the Sun, which, though most 
visible near the limb, was also perceptible in 
the centre, but never appeared towards the 
poles, The celebrated astronomer M. Messier 
has made a number of curious observations up- 

on the solar facule. He often saw them en- 
ter upon the disc of the Sun, disappear as 
they approached the centre, and afterwards 
re-appear on his other limb. In general, they 
continued visible for about three days after 
they appeared, and were seen, for the same 
space of time, before they quitted the Sun’s west- 
ern limb. In these facule:, spots generally arise, of 
_a magnitude proportional to the brightness of — 
the facula. When.this did not happen, Me 


h See Philosophical Transactions, 1774, vol. 64, 337, 
and Anciens Memojres, p. 663. . ae * 
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Messier found that | the facula were the pre- 
cursors of spots, which ordinarily appeared near 
the same place on the following day ; ; and hence 
he was always able to predict the appearance of 


spots about 24 hours before they entered the 
Sun’s disc, and to anticipate, from the situation — 


dnd brightness of the facule, the brilliancy and 
position of the spots themselves.’ M. Schyoeter 
has seen these facula in every part of the Sun’s 


_ limb, but) particularly i in a zone between 20° of 
north and 20° of south ‘solar latitude. They 
generally subtended an angle of about two or 


three minutes, and always scan most bril- 
liant when they were near the limb.* | 


‘Such are the observations. ihiele were taste i 


upon the solar spots before they were examined 


by the powerful telescopes of Dr. Herschel. 
This astronomer continued his observations from 
1779 to'1794, and has disclosed a number of 


curious. phenomena, which throw much: light 


upon the ‘nature and construction of the: Sun. 


Before we direct the attention of the reader to 


the several conclusions which the Doctor has - 
~ deduced, we shall give an account of the dif... 
ferent phenomena. which he observed on the - 
surface of the’ Sun... It will be necessary, how- 


ever, to premise, that he regards the luminous 


- surface of the Sun as neither a liquid substance, 


nor an elastic fluid, but. as. luminous clouds, 
floating in the’ solar atmospk 


vere; and that he» 
considers the dark nucleus of the spots as the 
opaque body of the Sun, appearing through the 


Pe cathe in. se seca Sey | sche oc ‘the old ; 
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terms, of Spots, Nuclei, Umbra, Facula, &c. on 
Dr. Herschel has framed a new nomenclature, 


and comprehends all the’ solar ‘appearances un- 


der the names of Openings, Shallows, Ridges, 


pasted Corrugations, Indentations, and Pores. 
Openings are those appearances, in which the Openings, 
opaque body of the Sun is visible, in. conse- 
quence of the removal of part of the luminous 
clouds. One of’ these openings,’ with. a shal. 


_ low about it, which was seen’on the 4" " January 


* 2bOhiva good way past the Sun’s centre, is res 
| presented i in Plate Ml, Fig. 18. On the western Plate It, 


side. of the. hallo its thickness ‘was visible, iit a, 
from its surface downwards; but, on the eastern 

side,. the thickness could not be’seen, the edge 

of the shallow only: being visible. ‘A: section of - 

this opening is shewn’in Fig. 19, where the lines Fig. 19., 


_abcedf, corresponding with those in Big. 18, 


are supposed to be drawn from the eye of the 
observer. The line d-passes through’ the open- 
ing to the opaque. body of the Sun. dt:is ob- - 
vious, from Fig. 19, that the thickness of the 
shallow is visible only: on one side, from the po- 
sition of the observer’s eye. Large openings 
are generally surrounded with shallows, though 


many openings, and particularly small ‘ones, 


have no shallows... Openings have ‘a tendency 
to run into each other; and new ones ‘often 
break out.near othérs. - Ridges and nodules ge- 
nerally accompany ‘openings. Dr. Herschel ima- 


yy gines. that. the openings are produced: by: an elas- 
tic gas, which issues through the i incipient open- 


ings, or pores, and, forcing its way through 


4° soeteel Siena: itself on the func clouds. 2. ait 
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mae, The direction of the gaseous stream. is “often 


Fig. 20. 


Fig. 2x. 
Fig. 22. 
Fig. 23. 


Fig. 24. 
Fig. 25. 


' Fig. 26. 


Shallows. | 


Fig. a7e 


Fig. 2S. 


- oblique; so that the luminous clouds are drawn 
laterally, and form a larger shallow on one side. 
Openings sometimes have a difference of colour. 


- They divide when decayed, and sometimes they 
‘increase again; but, in general, when they are 


divided, they ‘diminish, and. disappear, leaving 


the surface more than usually disturbed. They 


_ are sometimes converted into large indentations, 


and not unfrequently into pores. Fig. 20 re- 


presents an opening, with a branch from its 
shallow: In the course of an hour it assumed 
the appearance shewn in Fig. 21. Fig. 22 is 


another opening, with along shallow. In three 


hours it assumed the appearance in: Fig. 23, 


- and an hour after this, an opening appeared in 


the shallow, as in Fig..24.. The openings are 
generally at their greatest extent, as in Fig. 25, 


‘when the shallows begin to vanish, and the lips, 


or projections, to disappear... T' he: division’ of 
the decaying opening is shewn in Fig. 26, where 
the luminous passage across the opening re- 
sembles a bridge thrown over a hollow.» 
Shallows are places from which the luminous 
solar clouds of the upper regions are: removed, 
and are therefore depressed. below the general 
level.of the surface cf the Sun. The thickness 
of the shallows is visible: they sometimes exist 


without openings. ‘They. generally begin frony 


the openings, or branch: out from shallows: al. 
ready formed, and go forwards. Fig. 27. shews 


the two branches, A, B, of a shallow, proceeding — 
from an opening, C. In the course of ‘half -an. 


hour, Fig. 28, the shallow B is nearly united — 
to the narrow part of the shallow, surrounding 
the opening D, while the. shallow A seems to. 


advance in a direction towards the epening, LO 


ro 


- 
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In the space of another half hour, the shallow B. ai 
has completely run into the shallow about D, 
while the shallow A has increased in biteadth Plate Ill, 
towards F. The shallow A became afterwards Fig: 29- 
pointed, as in Fig. 293 and in the course of an 
hour, it became broad at the-point, and a new 
‘branch broke out at G. From these changes, 
Dr. Herschel concludes, that the shallows are 
occasioned by something issuing from the open- 
ings, which drives away the luminous clouds 
from the parts where it finds the least resistance, 
or which dissolves these clouds as soon as it — 
‘reaches them. ‘The new branch afterwards be- 
_-gan to increase, and another branch, marked H, 
Fig. 28, began to break out from the shallow Fig. 28. 
around E. These changes Dr. Herschel attri. _ 
butes to the gas, or substance, which at first forced 
open the passages, and is now widening them. 
Three small branches, a,, c, were seen to pro- Fig, 3% 
ject from the shallow of the large opening in 
Fig. 31. The vacancies between these branches 
" were. afterwards filled up, by the same cause — 
that occasioned them, so as to increase the 
- breadth of the shallow on that side of the open- 
ing. ‘The shallows have no corrugations, but 
are tufted, like masses of dense clouds.. The 
decay of the shallows is supposed to arise from 
the encroachment of the luminous clouds, in 
consequence of the enfeebled energy of the gas 
or substance that produced them. =~ | 
Ridges are elevations of the luminous clouds Ridges. 
above their general level, or above the general 
_ surface of the Sun. — “These elevations generally 
‘surround openings, though: they have sometimes _ 
_ been perceived where openings do not exist. 
_ Ridges soon disperse. One of them occupied 
a subtended an, haga of 2 46”, 
Q ’ 
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cHapP. corresponding to 75,000 English inlpce™ Dr, 
_ Ul Herschel ascribes the ‘formation of the ridges to 
—\— the disturbance of the luminous clouds, by the 
elastic gas which issues from the opening; or 
he conceives that this gas may act below the. 
luminous clouds, so as. to elevate them aa 
their, ordinary level.) 15° #8 | 

Nodules.  ‘Nodules, formerly called feicwleky or Bash, 
are small, but brilliant, and highly elevated ; parts 

of the luminous clouds. Dr. Herschel i imagines 

that they may be ridges, seen pei Hb or fore- 

: shortened. 

Corruga-  Gorrugations are elevations and dapresstotis 
ven of the luminous ‘matter, having a mottled ap- 
pearance, and consisting ‘of light and dark places. 

The dark places ‘appear to be lower than the 

bright places; and, in a favourable atmosphere, 

the corrugations may be as. distinctly perceived 
as the rough surface of the Moon.’ They ex- 
tend over every part of the Sun’s surface. Their 
shape and position is perpetually changing, and 
they increase, diminish, | Giceeye “atm: vanish 

quickly. | ; 

Indenta- _ Indentations. are the duels parts of corruga- 
tens. ~ tions; and from the circumstance of their being 
visible very near the limb of the’ sun, it would — 

appear that they are not much’ depressed below 
the level of the luminous clouds. » The sides 
of the indentations are like circular arches, (See | 
Fig. 32. Fig. 32), with their bottoms occasionally flat. 
_* Indentations are of the same nature with’ shal- 
lows, varying in size, and sometimes containing 
small. openings, and at other times changing — 
into openings. They extend: over. the whole 
surface of the Sun, and, with small magnifying | 
jah they have the appearance of points. 
Pores Pores are small-holes or prac in oa low : 


a 
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places. of indentations. Sometimes they increase Se 
and become openings, and Aisi esanes sae in (nena 
a short time. 
_. From these various and interesting” i Dr. eis sek 
Herschel has deduced a theory of. the solar theory of 
phenomena ; which, however ingenious it may phewome 
be, is founded on assumptions too arbitrary and fF) 
gratuitous: to be recognised in a science which 
admits of no evidence but demonstration. To 
suppose that the numerous irregularities on the 
surface of the Sun, are occasioned by an elastic. 
empyreal: gas which rises through the openings, 
and disturbs the equilibrium of the luminous 
_ mass, is to shew how these irregularities may 
be produced by the action of a hypothetical 
agent ; but it never can be considered as an ex- 
planation of the processes which nature is car= 
rying -on in that immense ‘depository. of fire. 
But though we cannot admit the hypothesis. 
proposed by this. learned and ingenious astro- 
nomer, we are disposed to: acquiesce in some of 
the important conclusions which he has drawn 
from his observations. From the numerous eleva- 
tions and. depressions of the luminous matter, and 
from the length of time during which they are 
visible, the Doctor justly infers, that the shin- 
ing matter of the Sun is not a fluid, but a mass 
of luminous or phosphoric clouds. He con- 
ceives, from the uniformity of colour in the — 
shallows, that below these self-luminous clouds, 
there is another stratum of clouds of inferior 
brightness, which is intended as a curtain to 
protect the solid and opaque body of the Sun 
‘from the intense brillidncy and heat of the lu- 
‘minous clouds.’ By means of ‘his photometer, — 
Dr. Herschel found that the light reflected by 
the gi clouds is 469 out of 1000; and 
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\ 


\ 
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‘Natural 
prejudices 
in favour 
of this © 
theory. 


"_ says he, ariseth to that-great luminary being inhabited; ve- 
getation may obtain there, as well as with us. Theremay 
be water and dry land, hills and dales, rain and fuir wea- 
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that-the light reflected by the opaque body. of 


the Sun is only.7.. Hence, it appears, that the 
Sun consists of a dark solid nucleus, surrounded: 


by two strata of clouds... The outermost of | 


these, is thé region of that light and heat which 


is diffused from the centre to the remotest parts _ 


of the system, while the interior stratum is sup- 


posed.to protect the inhabitants of the sun. 


from the fiery blaze of the “eco furnace: 
by which they are inclosed.™ . | 

That the Sun may, at the same time, be the 
source of light and heat, and yet capable of 
supporting animal life, is one of those conclu- 


sions which we are sua a to ies mpi hesi- 


™ It is a curious and remarkable fact, that the opinions 


of Dr. Herschel, respecting the nature of the Sun, were 


‘maintained about 22 years ago by a Dr. Elliot, who was 


tried at the Old Bailey for shooting Miss Boydell. ‘The 


friends of the Doctor maintained, that he was. insane,and call- 
éd several witnesses to establish this point. . Among these 
‘was Dr. Simmons, who declared, that Dr. Elliot had, for 
some months before, shewn a fondness for the most extra- 


vagant opinions ; and that, in particular, he had sent to him 


a letter, on the light of the celestial bodies, to be commu- 
nicated to the Royal Society. This letter confirmed Dr. 
Simmons in the belief, that this unhappy man was under 
the influence of this mental derangement, and as a proof of 
the correctness of this opinion, he directed the attention 
of the court td a passage of the letter, 1 in which Dr. Elliot 
states, ‘ thut ihe light of the Sun proceeds from a dense and 
universal aurora, which may affard ample light to the in- 


“habitants of the surface (of the Sun) beneath, and yet be 


at such a distance aloft, as not to annoy them: No objection, 


ther ; and as the light, so the season, must be eternal; conse- 


“quently it may easily be conceived to be by far the most blisse 
_ Sul habitation of the whole system? See the Gentleman’s & 
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tation, and to cherish with peculiar compla- CHAP. 
eency. The mind is filled with admiration of _ —_. 
the wisdom of God, andswells with the most — 
sublime emotions, vehi it conceives, that, appa- 
rently, the most inaccessible regions ‘of creation, 
are peopled with animated beings; and_ that 
while the Sun is the fountain’ of the most de- — - 
structive of the elements, it is, at the same time, 

the abode of life and felicity. In impressions 
of this kind, however, delightful though they 
be, we must not rashly indulge, lest we should 
afterwards find. that we have been admir- 
ing an order of things which does not exist 
in nature, and have thus been indirectly reflect-_ 
ing on the infinite wisdom that sanctioned an 
opposite arrangement. Whenever we allow our 
feelings to interfere with our reasonings, we are 
apt to yield ourselves to the guidance of loose 

~ analogies and imperfect views, and become the 
defenders of opinions, which every ‘subsequent 
observation and discovery will only tend to 
overthrow. We conceive, that the opinion of 
the Sun’s being a habitable globe, rests on rea- 
‘sonings of this nature; and: as. the subject is 
curious, and worth examination, we shall endea- 
vour to place it in its proper light. ) 

When the invention of the telescope enabled Examin- 
astronomers to detect the striking resemblances ty"... 
between the different planets of the’system, it theory. 
_was natural to conclude, that as they werecom- - 
posed of similar materials, as theyrevolvedround > 
the same centre, and were enlightened by: similar 
moons, they were all intended by their wise 
_ Creator to be the region in which ° he chose to 
dispense the blessings of existence and. intelli- 
“gence to various orders of animated beings. 
The human mind Scie! embraced this su- 


¢ 


> 


198 New ' Discoveries concerning the Sun. 


im blime view of creation, and, guided by the prin- 


‘ciple, that nothing was made im vain, man ex- 
tended his’ views to the remotest corners of 
space, and perceived in ‘every star that sparkles 
in.the sky, the centre of a new system of bodies, 
teeming} with life’ and’ happiness, and | displaying 
fresh instances)of the power and beneficence of — 
their Maker. ‘Having thus traversed the illi- 
mitable regions of 'space, and, considering every — 
world which rolls in the immense void, as the 
‘scene on which the Almighty: has exhibited 
his’ perfections, themind, unable to com- 
mand a-wider range, rests in satisfaction on the 
faithful:analogies which it has: pursued. While 


‘the planets were thus regarded as habitable — 
worlds, astronomers considered the Sun and the 
“stars as the reservoirs from) which light and 


heat were dispensed ‘to man, and as the great 
centfal magnets which bound together, and 
guided. in “their course, the various planets 
which surround them. These: offices were k 


reckoned sufficient for the central luminary; and 


astronomers were led by no analogy, and by no 
consideration of final causes, to view it as the 
seat of animal existence: they left»it to the 
poets to people, with a colony of came 


’ these regions’ of eternal fire. 


The solar observations of Dr. er fata first. ; 
suggested the opinion,that the Sun was an Qpaque 
and solid body, surrounded with a luminous at- 
mosphere 5 and the telescopes of Dr. Herschel © 
‘have tended still. farther-to establish this opi- 
nion. The latter of these astronomers, therefore, 
imagined, that the functions of the Sun, as the — 
source of light and heat, might be performed by 
the agency of its external atmosphere; while the 
mony nucleus was reserved and fitted for the re: 
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ception of inhabitants. This conjecture, How: cizap. 
ever, is.consonant with nothing which we find i _ 
in nature. It is inconceivable, indeed,. that lu- ~V~ 
minous, clouds, yielding to, every impulse, and 
' ina state of perpetual change, could be the de- 
pository: of that. devouring. flame, and that in- 
supportable» blaze:of light, which are emitted 
- by the Sun;,and.it.is still; more inconceivable, 
that the feeble barrier of planetary, clouds, could — 
shield) the. subjacent: mass from the destructive 
elements, that raged above,” | ‘The opacity of the New theo: 
interior, globe of the Sun, is no reason why ee, 
‘May Not acta. part, in. the, production, or pre- 
-Servation, of the solar heat., On the contrary, 
it appears highly. probable and consistent with 
_ other discoveries, that the dark solid nucleus. of. 
the Sun is the magazine from which its heat is 
discharged; while the luminous or. phosphores- 
_cent mantle, which that heat freely, pervades, is 
the region where its light is generated... Dr: 
Herschelis; own esperinintsis assure us; that’ in- 


Bots ae) 


2 &TF we > inquire, says: Hire lear ned Dr. Thomas Young, 
into the intensity of the heat which must necessarily exist 
wherever this coimbustion ‘is’ performed, wé shall soon be 
convinced, that no clouds, however. dense, could impede 
its rapid transmission, even to. the parts below. » Besides, 

' the diameter of the Sun is 111 timés as great as that’ of the 
Earth ; and at its ‘surface; : a heavy body would fall through 
no less ‘than 450 feet in a single second; so, that. if. every 
other circumstance permitted human beings to reside. in; it, 
their own. weight would present an insuperable difficulty, 
since it would become neatly 30 times as great as ‘upon the — 
surface of the Earth, and’a man of moderate size would 
weigh above two. tons’?.,. Nat. Phil. vol. I, p. 50, 15:2. 

The quantity, of heat which i is transmitted to the. habit- - 

_ able regions of the Sun for the. purposes of v vegetation, must 
necessarily accumulate, till it’ ‘becomes insupportable, as 
there is no wpe of its. escaping back tothe luminous 
atmospheres: heed PNG GOR Og nw De Te is baele ay : ‘Ap 
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€HAP. visible rays, which have the power of heating, 


ILL.. 


ow 


and which are totally distinct from those which 
produce light, are actually emitted from thé” 
Sun; and that luminous rays, incapable of pro- 
ducing heat, are discharged from the same 
source. These facts, therefore, not only con- 
firm the theory which we have stated, but re- 
ceive, in return from that theory, the most sa- 
tisfactory-explanation. ‘he invisible rays which 
pervade every part of the solar spectrum, form-. 
ed by a prism, and which extend beyond its: 
red extremity, are emitted from the opaque 
nucleus, and, therefore,, excite no sensation of 
light on the human retina; while the coloured 
rays which form the spectrum itself, are dis- 
charged front the luminous matter that encircles 
the solid nucleus, and are, therefore, endowed 
with the property of illumination. Hence, it is 
easy to assign the reason why the light and heat 
of the Sun are apparently always in a state of 
combination, and why the ome emanation can- 
not be obtained without the other. The heat. . 
projected from the dark body, and the light 
emitted frony the luminous atmosphere, are 
thrown off in lines diverging in every possible 
direction ; so that the two radiations must be uni- 
formly intermingled, and as in a stream flowing — 
from two contiguous sources, the heat must 
always accompany its kindred element. ‘That 
light and heat.are two different substances, dis- 
tinguished by different properties, ts a proposi- 
tion which seems to flow from the most recent 


experiments. We find. the invisible heat of the. 


Sun existing separately from its light, and pos- 
sessing a degree of refrangibility less than the 
least refrangible rays of the prismatic spectrum... 
Light has likewise been found separate from 


* 
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heat; and though it may be imagined | that this - 
arises from the extreme attenuation of the light ; 
yet when the light of the Moon is concentrated 
by powerful burning mirrors, we ought cer- 
tainly to have expected that the heat, if any did 
exist, would be appreciable by delicate thermo: 


meters. Every attempt, however, to detect heat 


in'the rays of the Moon, has completely failed ; 


and we are, therefore, entitled to presume, ‘that i 


a greater proportion of heat than of light has 
been absorbed by that luminary. If light and 


heat, then, be two different substances, ‘endowed 


with different chemical and physical properties, is 


it not unphilosophical to suppose, that they are 
emitted from the same source,- when we have 
actually two different regions in the Sun, to 


which we can with more propriety refer their. 


origin ? 
This opinion, which we propose. ‘only as a 


conjecture, founded on the most probable ana- . 


logies, ‘will receive considerable confirmation, if 


_ we can adduce any strong analogical arguments 
against the supposition that the Sun is a_habit- 
table world; for if the nucleus is not fitted for 
the reception of living beings, it is the more 
probable, that it‘acts a capital part in the pro- 
duction or preservation of the solar heat.. Some 
arguments have already been suggested relative 
to this point. We shall endeavour to illustrate 
_two other considerations, which we ‘trust will 
have some weight in favour of our opinion. 
Since those who consider the Sun as a habitable 
world, found this opinion upon analogical ar- 

-guments, we are entitled to avail ourselves of all 
| theassistance which can be drawn from the same 
source. If the Sun, then, bea great habitable 
_ planet; we may expect to find m it those points 
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‘enap. of resemblance to the other planets, which, are 


HI. 


regarded, as distinctive marks. of . a. habitable 


world; and if we shall find, that any analogy |. 


which. subsists with respect to. all the other 
planets. fails, when’ applied tothe Sun, we are en- 


titled to consider this difference asa Dro that 


the Sun is not inhabited. Maras Otel nee 


- In proceeding from the remotest of sai planets, | 


to the centre of the system, we find, that a gene- 
ral law. prevails respecting the densities. of the 


planets... These densities appear ‘to increase, as . 


the. planet. is. nearer the Sun. SDE we have 
ie the eens SE the kainic cae WibeuanA 3 
_. Georgium Sidus ~2 


z Sa eee lid 4 Ar 
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. Jupiter, Desay oa elleues 
Mars, isy ‘ 
Earth, Arid, 
Venus, See 
Mer@uares sts ise 29 eHny 


Ww ith a single exception in the case of the Geor- 
gium Sidus, whose density is not yet accurately 
ascertained, the densities uniformly increase; ac- 
cording as the habitable:world approaches to the 
centre of light and heat. We should, therefore 
have expected, from analogy, that the habitable 


part of the Sun, would have exceeded Mercury » 


in density; because it is nearer than that planet 
to the source of light and heat. This, however, 


is far from being the case: the density of the 


Sun is only 1~2,, a little greater than the density 


of water. Here, then, we have acomplete breach 


in the analogy which we anticipated; and it is no. 
objection to this argument, to say,: that the situa- 
tion of the Sun, in the centre of the systemgmay 


exempt it from the’ general. law of . density; be- — 


cause this. is a virtual aetna that analogical 4 
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reasoning, on which Dr. Herschel’ s:opinion sis | CHAP, 


founded, cannot be fairly applied in such a case. 


If the Sun is a habitable globe, we can scarce. 


ly avoid drawing the conclusion with Dr. Elliot, 
that “it must be by far the most blissful Kalit, 
tation in. the -whele* system.’?» We should) ex- 
‘pect; at least,’ that the solar inhabitants; would 


be rational \ beings, endowed ‘with intelligence © 


“equal to that of man, and ayailing themselves of 
their central: position, toostudy, the! interesting 
phenomena ‘of the various: »planets: whiclr’ re- 
volve around them, and of the numerous suns 
which their own globe would’ seem. to resemble, 


If ‘there is one place in the system: more-than, 


another, where astronomy could:be:studied with 
_ the greatest facility, and carried to the highest 
perfection, that place: would be in the Sun, 
where, excepting the: phenomena arising from | 
its monthly rotation, the real and Sopntcat! mo- 
_ tions of the heavenly bodies must be exactly the 


same. But these results of analogy are mere - 


‘illusions of the mind: Nature has drawn-an im- 
penetrable curtain between the inhabitants of the 
Sun and the worlds which «circulate around 
them: She has doomed them to the most. soli- 
tary dwelling in: the whole circle of creation, 
and has marked them as either unfit or un- 
worthy to enjoy the noblest privileges of intelli- 
gent beings. ‘The planetsand the stars are equally 

. invisible from-the surface of this luminary, un- 
less when a transient glimpse of the heavens is _ 
obtained through an accidental opening in the 


solar atmosphere. From the year 1676, to the 


_ year 1684, there was not a single spot inthe 
Sun’s atmosphere ; so that during eight, succes- 
sive years, the inhabitants of thatglobe, if they 


do exist, never once obtained! a glance of that 


oa 
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eHAP. starry firmament, from the contemplation of 
» which a Supreme Being could scarcely have ex- 
~ cluded any of his rational creation. — 

To maintain, therefore, that the Sun is peo- 
pled by intelligent beings, is to reason in defi- 
ance of the strongest analogies, and support 
opinions, which posterity will rank among the 
aberrations of the human mind. Might we 
not as well suppose, that the central caverns of 
our-own planet, which cosmogonists have filled 
with fire or with water, are the abode of a ra- 
‘tional population, who, like the inhabitants of 
the Sun, are occasionally permitted to obtain a 
transient view of the heavens, through the cra- 
ters of volcanoes, or the chinks and fissures which 

‘may accompany the convulsions of the globe. 
On the . Before concluding our remarks upon the con- 
convection ‘struction of the Sun, we must take notice of 
phenomena another opinion of Dr. Hershel’s respecting the 
dar hnas solar spots, which has been less generally re- 
ness of the ceived than that which we have been combat- 
_ ewes’ yng. Imagining that the luminous atmosphere | 
of the Sun is the region of light and heat, he 

‘concluded, that when the ridges, corrugations, — 
and openings in this atmosphere are numerous, 
the heat emitted by the Sun’ must be propor- 
tionally increased, and that this augmentation 
must be perceptible, by its effects upon vegeta-" 

-tion. He expected, therefore, that in those 

_ years ae the solar spots were most numerous, 

* . vegetation would be most luxuriant; and that 
this effect might be ascertained from the price 
of wheat, as marking the productiveness of the 
season. By comparing the solar appearances, 
as given by La Lande, with the table of the 
price of wheat in Smith’s Wealth of Nations, 
he obtained | results which, on the whole, - 
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pear favourable to his hypothesis. "We do not cuap. 
readily see upon what principle Dr. Herschel ' 
concludes that the existence of spots indicates 
an abundance of luminous matter. ‘We should 
rather have been disposed to think, that in pro- 
portion to the number and magnitude of the 
openings, the light and heat of the Sun would 
have been diminished, as so much of the Sun’s 
surface is then disqualified for the discharge of 
its usual functions. If there is really an increas- 
ed luxuriance of vegetation in those years when | 
the solar openings, &c. are most numerous, an 
opinion which we are much disposed to call in 
question, we conceive that the theory which we 
have already explained affords a very satisfactory | 
explanation of the fact. The heat being sup- — 
‘posed to be emitted from the dark body of the 
Sun, it is obvious, that when there is any 
opening in his luminous atmosphere, the heat 
emanating from the internal nucleus must be 
more copiously discharged,-in consequence of — 
receiving no obstruction from the luminous > 
clouds; or, if we regard the variations in the 
Sun’s surface as produced by variations in the 
heat which rises from the nucleus, we may na- | 
_ turally suppose, that when the heat of the Sun 
is most intense, it will produce the greatest 
changes in the luminous atmosphere. = = 
_. Dr. Herschel: has invented a very ingenious Darkening 
contrivance for moderating the heat and light#PPavates 
yrneT Wie 3 . : g 
of the Suin, when it is examined by means ofthe sun. 
powerful telescopes.° He abandoned the com. 
mon method of using dark-coloured glasses, 
and had recourse to fluids. For this purpose, 


ce 


On the 
 Zodiacal 
Light. 


se 
\ 
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y Hes employed a small.square trough,: having, im 


two-of, its opposite sides, well polished plates of 


glass. A small handle on one side of the trough, 


and.a'spout in the other, were made, for the 


purpose of pouring out any portion of the li- 
~quidswhen the rest was: to be diluted... The 
trough was then placed'in an excavation in the. 


eye-piece:of the telescope, so that the rays of 
the Sun might pass through the fluid before 
they reached the eye of the observer. By co- 
louring the fluid, the light may be softened at 
pleasure, and the heat is completely removed 


' by the water. Dr. Herschel found that ink, 


diluted with water, and. filtered through paper, 
gave a distinct image. of the Sun, as white: as 
snow. By this mixture, he could observe the 
Sun inthe meridian, without the smallest in- 
jury to his eye, or to the glasses; even. when he 
used a mirror nine inches in diameter, and when 
the eyepiece were opatls as In i, observa- 
Hone | 
_As the sieice cilled the Eales light 3 
ia been generally supposed to arise from the — 
Sun’s atmosphere, we consider this as the pro- 


‘\ per place. for giving an-account of the appear- 


ance. Though: this light seems: to have, been 
observed by, Descartes,” and by Childrey, about 


-1659,° yet.it did not attract general. notice till | 
the ‘year, 1693, when it was observed by Cas- 
sini, and, received its present name. The zo- 
~diacal. light, which is less, bright than the milky . 


way, is seen at certain seasons of the year, be- 


_ fore the PTR: and after, He bhai sth the Sun. fl 


; ; p j 
Para © 2% ab ay By 


aAP Principia,. § 136, a : 
.§ Britannia Baconica, L001. by 
a 
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It resembles a triangular beam of light, rounded crap, 
a little at the vertex. Its base is turned towards . ¥. 
the Sun, and its axis is inclmed to the horizon, age gam 
and lies in the. direction of the zodiac. The 

- vertical angle of this luminous cone is some- 

times 26°, vdind sometimes 10°; its length, reck- 
oning from the Sun, which is its base, is some- 

times 45°, and at other times 150°. M. Pingre 

saw one in the torrid zone, which was 120° the: 

and whose horizontal breadth was from 8° to 30°." 

The best time for seemg the zodiacal light is. 
about the 1° of March, at seven o’clock in the 
evening, when the. twilight i is ending, and the 
equinoctial point in the horizon. ‘The luminous 
triangle will then appear to be directed towards. 
Aldebaran, as in Plate III, Fig. 33, its axis form- Plate 1, 
ing an angle of 64° with the horizon ; but if it Fig: 33. 
is viewed in the morning, before sunrise, the 

angle which it makes with the. horizon will: be 

‘only 26°..:In the year 1781, M. Flauzeres ob- 
served, it in the month of January. On the 

21°" of March, at half past seven o’clock, it 
ended: beyond the Pleiades, and was 61° long, 

102°. broad, and 8° high. According to M. 
Foulquier, the zodiacal light is always Seen at 
Guadaloupe, unless when the weather is bad. 

_As this phenomenon uniformly accompanies the 
Sun, it has been naturally ascribed to an atmos: 
phere round this luminary, extending beyond the 
orbit of Mercury,. and sometimes even beyond 
that of Venus. The zodiacal light is supposed 
to be a Section of this atmosphere, which, be- 
ng ssa flat at its poles, cannot be up 


gi Nee Traité [seat et Ghisoowore de L’Aurore ‘Bo- 
-- Feale, par M. de Seana Agel 1754. 


i ~ 
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| oi hoeeds to partake: of the Sun’s monthly motion. 


Dr. .Thomas Young’ remarks, that the only 
probable manner in which it can be supposed to 
retain its figure, is by means of a revolution 


much more rapid than the Sun’s rotation.—Some 


- philosophers have- ascribed the» phenomenon, 


without any reason, to the refraction of the | 


_ Earth’s atmosphere. | 


On the dis- Besides the revolution of the Sad ‘round ie 
placement 


Piceme axis in 25 days, and his irregular motion about — 


er/his pro-fhe centre of gravity of the Solar system, he 
gressive. 


erotion, _aPpears to have a. /progressive motion in absolute 


space: “As all the bodies of the system neces- 


sarily partake of this motion, it can only be 


perceptible from a change in the position of the 
fixed stars, to which the system is advancing, 
or from which it recedes. This change of place, 


or proper motion in the fixed stars, as it has 
~ been called, was first observed by Halley, and - 
afterwards ‘by Le Monnier. Tobias Mayer, 


however, advanced a step farther than these 
_ astronomers. He compared the places of about . 


« 


80 stars, as determined by Roemer, with his 


own observations, and he found that the greater — 


nuinber of them had a proper motion. He was 
aware that this change of. place ‘might be ex- 
plained by a progressive motion of the Sun to- 
— one eosin ak the heavens 5° $ but as s the 


Hy Salis on Nat. Phil. ne i, Pp. 502. 
* Tandem, quum et queri possit, que hujus motus causa 


sit, hoc unum monere visum, illum explicare non posse per 


motum totius nostri systematis solaris, etsi nec impossibile sit 
solem, ut ejusdem cum fixis nature, instar harum quarun- 
dam, in spatio mundano promoveri. Nam 'si Sol et cum ipso 
planetz omnes» nostrumque domicilium terra, recta tende- 

rent versus plagam aliquam, universe fixe; que in ea plaga 
-adparent; aes ase invicem discedere, et que sunt In. 


0 


- 
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result of shis Weer pers do not accord with 
this hypothesis, he. remarks,, that many .cen- 


turies must elapse before the true cause of this : 
motion is explaineds... : 


The late Dr. Wilson oF Glasgow: aivgotied 


| upon theoretical prifciples, the possibility of a 


solar motion ;,,and La Lande: deduced the same 
opinion from the rotatory motion of the Sun: 
yy these conjectures have been almost com- 

ae oinaeanah ty niga species of argu- 


ee tf bor Bass has a motion in absolute spaces 


directed towards any quarter of the heavens, it 


is obvious that: the stars in that quarter. must 


appear to recede from each other, while those. 


ing. The proper motion of the stars, there- 


‘in the opposite region seem gradually approaches _ 


fore, in those: opposite. regions, as ascertained 


by a comparison of ancient with modern ob« 
servations, ought to correspond with this bie 
Ehgniss 


- Dr: Herschel hci exatnined this mibjedts swith 


“his usual success, and he has certainly | discovers 


ed the direction in which our system is. gra- 
dually advancing: He found that the apparent 
proper motion of about 44 stars out of 56 are 


ied 


opposita parte coeli coire viderentur ; non secus ac. per sil 
vam ambulanti arbores que ante viam sunt, disjungi viden- 


Nab nearly i in the pabecies which should result : 


tur, que a tergo, congredi. Hujusmodi communi legi cum - 


obstricti non sint hi fixarum motus, ut propius inspecto 
abaco patet: Palam est eos non esse mere adparentes aut 
ab hac similive communi causa oriundos sed fixis proprios: 
ipsa autem vera atque genuina horum causa: forte per plura 


adhuc sxcula_ ignorabitur.* Mar yert Opera visa vol. i; 


SE ee | 
Vol iT: an oO 


¥ 


te 
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-ewar. from a motion of the Sun towards the constele 


Tl. 


ie Hercules, or, more accurately, to a point 
in the heavens, whose right ascension is 250° 
59 30/7, and whose orth | polar distance is 
Ps nie Coat 

By considering: the motion: Oe the satellites fl 
round their primary planets, and of the pri- 
_ mary planets round the Sun, Dr. Herschel sup- 
poses that the proper motion of the Sun is not 
rectilineal, but that it is performed round some 
distant and unknown centre. Just, however, as 
the conception appears to be, we can scarcely — 
allow ourselves to think that there is an im- 
mense central body of sufficient magnitude to 
carry around it all the systems with which astro- 
nomers have filled the regions of space; but we 
may suppose, with La Lande, that there isa 
kind ‘of equilibrium among all the systems of — 
the world, and that they all have a periodical 


“circulation round Sans common centre of ages 


- vity.* : 
We shall bites occasion to resume ‘thie subject 


baie we come to treat of the ae Pe motion of 
the saaryihe stars. Pier hap oa 


we See] Phil.” Trane, 1788!" es) 203. Phil. Raia 1805. 
of hier ne La Lande, tom, » lit Pp. 307», 2 3283. 


ig 3 atte red ¥3 Pals 


si 


| ne baa motions se the phases oF the Moon have cHar. 


| # See page 142 of this volume. 
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= THE NEW DISCOVERIES ‘AND PHENOMENA IN 


ain MOON. 


IV. 


‘been already described in the first volume of '¥ sith 


this work, The proportion between the en- ae 
lightened and obscure part of her disc may the Moot 


_be found, for any given time, from the table, 


which has been already explained, when treat- 


‘ing of the Planet Venus. By subtracting the. 
longitude of the Sun from that of the Moon, 


we obtain the Argument of the table, or the’ 

Moon’s distance from the Sun, with which we 

enter the table, and take, out, in. the way al- 

ready explained, the proportion between the 

dark and illuminated parts of her disc.* | 
_If we observe the Moon, in serene weather, Explasa- 

when she is about three or four days old, the tio o the 


phenome< 


part of her disc which is not enlightened by the non, called 


Sun is faintly illuminated by the light that isi¢o4 


reflected from the Earth, and the horns of the the new 
enlightened part appear to project beyond the Moon's 
‘old Moon, as if they were part of a sphere con- 
shea ge in diameter an the unen- 


/ 


_- 


QO 2. 
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CHAP, lightened part.’ It was long. deemed a sufi- 
cient explanation of this appearance, to say, 
that bright objects affected the retina, to a 
greater distance than those which were less lu-. 
minous; and that, therefore, as ink sinks upon — 
soft paper, the image of the bright part of the 
Moon expands on the retina, and gives it the 
appearance of projecting beyond the darker 
portion of her disc. .‘The explanation,, of 
phenomenon, as given, by. Dr. Jurin,¢ is: mueh’ 
more satisfactory. He supposes that the eye 
cannot accommodate itself, with sufficient dis- _ 
tinctness, to view objects at such ° ‘a distance as 
the Moon. The pencils of rays, therefore, 
unite before they reach the retina, and will form | 
an indistinct and enlarged image of the Moon, 
It is perfectly demonstrable, and may be proved — 
by the simple experiment of looking at the , 
figure of the Moon, cut out of white paper, and 
placed upon a dark ground, that when this lu- 
-minous body is viewed, either at a distance too 
‘remote, or too near, for perfect vision, its image | 

‘upon the retina will be enlarged, and the. illu. 

| minated part will encroach upon the obscure. 
_ portion, and appear to embrace it, in the very 

, same way as it is seen in the. heavens. Otay 
Jurin, however, has taken it for granted, that 
the eye cannot see the moon with perfect dis- 
tinctness ; a position which, however probable ie 
may be, does not rest :aapont the evidence of hee 
Bl schisnait ; re Ba pean ote ecient ad’ Via 


“ies This hesaigeessl i 18 Gee stain spree, | 
“called, « ‘The Old Moon in the New Moon’s arms.’ 

ssay on, Distinct and Indistinet i in Smith's” 
Optic, vol. ii, ‘Rem. Pp eTSic oh Hah 


t ; on . ~ 
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The illuminated portion of the Moon’ s disc, CHAP, 
when she is three or four days old, obviously _ 
receives its light from the Earth, which, to the | 
lunar inhabitants; will then appear to be nearly 
like a full Moon. As the age of the Moon in- 
creases, this secondary light is gradually en- 

_ feebled, both in consequence’of the diminution 
of the luminous’ part of the Earth, and ofthe 
inereéase of the enlightened part of the Moon. 
On one occasion, however, the weather being 
uncommonly favourable, we observed the se- 
_ condary light when the Moon was mine days 
and fourteen hours old, | 
‘This secondary light of the iebon uit been Explana- 
‘explained by Riccioti and Professor Leslie, upon ji? of the 
the supposition that the Moon is phosphorescent. ; fi theold 
_ They conceive, that it is impossible to account in Moon. - 
any other way for the extreme brilliancy of her 
disc; and the latter of these philosophers has 
explained, ‘upon this hypothesis, the thread of 
_ light, or the lucid bow which seems to connect — 
the two horns of the Moon. As we shall give 
a very different explanation of this curious phe- 
_ nomenon, it may be proper to state Mr. Leslie’s 
theory in his own words. “ After emerging 
from conjunction with the Sun, her sharp 
_ horns are seen connected by a silver thread, or 
_ lucid bow, which completes the circle; and a very 
faint light seems to be suffused over the includ- 
ed space. This bright arch, however, becomes 
always less vivid; and before the Moon is five 
or six days old, it has almost totally vanished. 
VThe pale outline of the-old Moon is commonly 
ascribed to the reflection, or secondary illumina- | 
tion: from. the Earth. | But if. it were derived’ 
from that source, it would appear. densest. near 
the centre, and eecueny, more dilute towards » 
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omar, the edge. : eee: should refer i it to the sponta- 
: neous light which the Moon may continue to 
emit for some time after the phosphorescent sub- 
stance has been excited by: the action of the solar | 
beams, The lunar disc is visible, although com- 
pletely covered by the shadow of the Earth; nor 
can this fact be explained by the inflection of 
the Sun’s rays in passing through our atm 
phere; for why does the rim appear so br : 
Any such inflection could only produce a dif. 
fuse light, obscurely tinging the boundaries OF | 
the lunar orb; and, in this case, the Earth pre- 
‘senting its dark side to the Moon, would have 
no power to heighten the effect by reflection. 
But even when this reflection i is greatest about 
the time of conjunction, its influence seems ex- 
tremely feeble. ‘The lucid bounding are is oc- 
casioned by the narrow lunyla, which, having 
recently felt the solar i impression, still continues 
to shine, and, from its extreme obliquity, glows 
with concentrated effect.?4 Siw! 
The phenomenon sO well described i in the. 
Plate Il, preceding passage, is. represented in Plate II, 
Sup. Fig. 9 Sip, Fig. 9 where a diluted light appears to” be 
_ shed over the obscure ‘portion of the Moon’s - 
disc, while a lucid bow, more bright than the 
_rest of the obscure part, seems to join the lunar 
horns. ' When we. examine this Tuminoys | horn 
in the heavens, the lower — part of it at a, 
is always much broader than the tipper part 
at 6; and when the Moon has considerable 
- Ubraiion,, ‘so as to withdraw from the Earth, a4 
portion of the eastern limb, the bow ceases to | 
be Rona YOUSs: and the part. at b is no longer 


ie 


va tnaeiy into ae satind uate propa ation of het, 
Pp 1453, and Note LUI, p- 557: A | a 
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‘visible. These two appearances, which I have CHAP. 
often observed, are sufficient to overthrow gee Na 
explanation which has been already given; for, 
- upon that hypothesis, the lucid bow onght to 
have been broadest in the centre, diminish- 
ing towards the horns, exactly. like the enlight. 
ened part'of the Moon’s disc. We are fortu- 
nately, however, not confined to arguments of 
this. kind, satisfactory though they be. The 
tr. planation of the phenomenon i is so simple 
and convincing, that it is scarcely. possible not 
to give it an implicit reception. If we look at 
the large map of the Moon, given in this work, 
or any other map which exhibits even a tolerable 
representation of the lunar surface, we shall 
find that the eastern limb of the Moon is sepa- 
rated from the central parts of her disc by dark- —. 
er regions, and that the luminous portion com- : 
prehended between these darker regions, and 
the circular line which bounds her — eastern 
limb, has actually the form of a bow, which is 
broadest towards her southern limb, and gra-- 
dually diminishes in breadth towards her nothern 
horn. The immediate cause, therefore, of the 
lucid bow,is to be sought for in the accidental cir-_ 
_ cumstance of the Moon’s eastern limb being more 
luminous than the adjacent regions t towards the 
center. The central parts of the Moon, indeed, - 
are equally luminous with her eastern limb; ‘but 
their brilliancy is impaired by their proximity 
to the illuminated portion, It is obvious, that 
— this explanation of the phenomenon, may be 
, mgey just, whether the secondary light of the 
oon is caused by phosphorence, or by'reflec- : 
nes from the Earth, Hence we see the reason 
ie the bow is broadest at a, and narrowest at 
6, and why the libration of the Moon withdraw- 


% 
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CHAP. ing ‘the. harrow part. fe of f the bow, destroys its 
ary continuity. This will be. easily. understood, by 
| inspecting: Plate I, Sup. Fig, 9, and comparing. 
it with the large map of the Moon. - 3 
-Generalap- “When. we, look at the surface of ‘the Moon 


_ pearance of. 


Die dunes with. a good telescope, we find that its appear- 
surface. ance 18 wonderfully | diversified. . Besides the . 
large dark spots, which are visible to the naked 
eye, we perceive’ extensive. valleys, and jh 
ridges of highly elevated mountains, proje ng 
their shadows en the plains below. Single 
mountains occasionally rise to a great height, 
while hollows, more than three miles deep, and 
almost exactly circular, are excavated in the 
plains, The margin of these circular cavities, 
Is often elevated alittle above the general level. 
cand a high eminence rises»in the centre of the 
cavity. When the Moon approaches to her op- 
position with the Sun, the elevations and de- 
pressions upon her surface in a great measure 
disappear, while her disc is marked with a num- 
er, of brilliant | points, | and permanent “radia- 
‘tions, It is possible to. imitate,” says Mr. 
‘Leslie, * the lunar surface, with. all i its irregular 
distribution of light and shade, by. a very simple 
experiment. _ Introduce a bit of phosphorus into 
a glass ball of two.dr, three inches in. diameter, 
and having heated it to catch fire, keep. turning - 
‘the ball round, till b half. the inner ‘surface being 
covered with melted phosphorus, the inflanima- 
‘tion has ceased. There is left a. whitish crust 
or lining, | which i ina dark place will shine. for | 
: ‘some, considerable - UN Gaia Broad “spaces _ will 
_assume by degrees an obscure. aspect, while cir- 
“cular. spots, frequently. interspersed, will, yet 
- glow with a vivid lustre.” onde 


o 
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These various appearances | ‘have been’ accu- CHAP. 
rately. represented in maps of the Moon’ $ sur- fea 
face. ‘This was first attempted, ‘but in’ a Very Mapsof the 
rude manner, by Riccioli. ‘Hevelius, i in his Sele- ela 
“nography, afterwards gave ‘more just delineations | 
of the lunar disc, during the whole of her pro- 
‘gress round the earth. A map of the Moon, ‘as 
she appears when full, was drawn by Cassini, 

- andyhas been copied, though extremely mecor. 

_-réet, into most of our modern treatises'on astro- 
nomony. Excellent drawings of the moon were 
made by Mr. Russel; but the most accurate 

- and complete that have yet been published, are 

those of the celebrated Schroeter, who has'given 
highly magnified views of most parts of the 
-Moon’s surface. The large engraving of the 
“Moon, which accompanies this work, was drawn 
with great care by the editor, and appears to be | 
a very correct resemblance of the lunar ‘surface. 
rin at the attention of astronomers ‘has been 

“much directed to the nature and construction of 

this luminary ; : and as an accurate acquaintance 

with the spots is necessary in finding the lon- 

_ gitude from lunar eclipses, we shall give very ex- 
tensiye tables of the names and sclenographic 
position of the spots of the Moon. 

-” The first table is formed from theobservationsof Expiane- 
Lambert, and contains the longitude and latitude aod 


of 207 spots, with the names given them PY Tables. 


— a 


-Riccioli and Hevelius. — 

The observations in the ‘second table were 
G - made by the celebrated Tobias Mayer. The 
- © positions of the spots, marked in italigs, were 
ascertained by a great number of observations, 
and were the leading points from which the rest 

were obtained. All the spots given in this table 
are contained i in the preceding one; but the ob- 
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ouap 


ais will be readily seen why we have not struck - 


servations»of Mayer are ‘much more accur°te 
than those used by Lambert; .and the reason 


_ these spots out of the first table. 


Spots which were formerly anonymous. “he — 


yal remarks on the nature and appearance of — 
the different spots. The letter E, affixed to the. 
longitude of the spots, denotes that they are to 


The third table contains the names which 
have been recently given by Schroeter to the 


positions of these spots we have determined in 

a rough manner, by comparing the spots oe: 

Moon, as. given by this astronomer, wi 

map and table constructed by Tobias Mayer. — 
The last column of each table contains gene- 


be found on the eastern side of the Moon’s 
disc, on the left hand of the meridian which 


passes through the Moon’s centre; while the 


letter W signifies that they are placed on the 


western side of that line. The letter N, affixed — 
to the latitudes, signifies that the spots are in the — 


Moon’s northern hemisphere; and the letter S, 
that they are placed on the south of the aati 
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BEM AR KA ON THEIR POSITION, APPEARANCE, 
AND STRUCTURE. 


320 | ) | Tables of the Lanar Spots. : 


"Names of the Spots, acca 
to Hevelius. © 


piel rama tonnes SH hat 
‘Names of oe Spots, | 
according to Ricciolus, 


Mons Alaunus. — , 
Mons Alaunus.‘ 

Palus Amadoca. » 

{Pars M. Amadoci. i 
Lacus hyperboreus inferior. 
Ad Lac. hyperb. inferier. — 
Paludes amarae. 

Pars. M. Nerosi. 

_ {Petra Sogdiana. Bra 


Insula major. 

ewe j t 
Bark M. ann eRe 
JM. Bodinus. ih | 
jLacus hyperboreus superior. |5 
Pars montium Riphaeorum, | 
Pars Caucasi inferioris. 
Pars M. Riphaeorum. 


Pars’ M. Bighasorie. 

Vars M, Paropamisi. 4- 
|Pars M. Coibacarani. 
Pars M. Coibacarani, 


Cleomedes. 


Snellius. 


Pars M. Gichghesans: 
{Pars. M.Macrocemnii. 
JM. Corax ie 
{Sinus aon 


Thales, 
! ISantbeck. 
: Goclenius. 


M. ate | 

|Pars M. Caucasi. 
{Mons Cimmerius, . 
Pars M. Macrocemuii, 


Pars M. Coibacarani. 

_ |M. Dalanguer. 

Desertum Mingui. : 

Pars montium Sarmaticorum, 
iM. Hercules. 

' |M. Hercules. © 


Genetal Remarks. 


ts Annular, with a ridge traversing its southern posi-|” 
| tion, in a north-east directions An annular spot] 
. on its eastern margin. 
Annular, with a regular and an n irregular cavity imp 
| its eastern margin. | 3 . 


bg css 


‘{Annular, with Lei central mountain. leg 
Irregular, open at north margin, cavity at south! 
_ | margin, mountain at north margin. : 
- {Annular, with central mountain. Remarkable ap- 

| pearance beyond its south-south-west margin. | 
Annular, with cavity north .of the ‘centre, and) 
spot south of the. centre. / 


y 


/Annular, ait a nies in its western margin, wad ant * 
| annular spot on its south-west margin. | 
|Annular, with rocks, and ‘a bright radiating spot} - 
| beyond its eastern margin. | 
A large annular spot, containing three central rocks, | 
_ with two contiguous annular spots on its north- 
eastern, one on its north-western, and two on its 
|. ‘western margin. Rocks south-east of it. 
N. \Southern and northern Cepheus, both annular. 


id 


N. |Annular, with teenth mountain. 
‘- {Small annular spot. — 


a | Annular, with'central spot and cavity on E. margin. i 
jAnnular, with central mountain, | 


{Annular, with central mountain. 


. ef ‘ Rite 
Annular, with central mountain. 
|Annular, with central monntain. 


Ves _ Lables of the Lunar Spots. — 


“Names of the” Spots, according” wre Longi-. 
pee) 9 to Hevelius. | tude. 


Names of the ‘Spots, , 
pie to akaueenl 


M. Bae e | ie 
Pars montium Sogdianorum. | 
- Strobilus. _ 

. Biss M. Herculis. 
jLacus Thospitis. -. 


_ {Fracastorius.. 


{Insula Macra. aid 
WME. Hlerculigs, 6°": joe 
\Desertum Mingui. 
-|Apollonia major. {3 
_ jPars montium Sogdianorum, 
Pars montium Sogdianorum. 
M. Dalanguer. . 


Pars M. “Moschi.. {2 
Promontorium EME CRE iy 
Pars M. Moschi. 


‘i ood exiguus. 
| Schomberger. 
itruvius. 
‘{Piccolomineus. 


ars mont. Uxiorum. ; 


Tatius. Mons Moschas. 19 W. 
Sosigenes. {Palus Archerusia. : 19 W, 
Zagutus. jPars mont. Uxiorum. 19 W. | 
Alfraganus. M. Lipulus. | 18 W, | 
riadneus. p18 W, | 
{Dionysius Areopagita. Pars M. Herminii. . Paw, 
Sacrobosco. _ M. Antitaurus. be EW, 5 
‘heon junior. {M. Tmolus. » : (AAW 
arocius. M. Calchastan.  T16-W, 
aurolycus. M. Calchastap. = he Ws 
Almaeon. M. Antitaurus. . : 15.W, 
heon senior. “1M. Horminius. 115 Wy 
ulius Cesar. _ {Palus Archerusia. — P eben 


Menelaus.. . . .. |Byzantium. .... 
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ZAP Pa? 


ANGAH 


arge hollow, with cavities south of it, and commu- 
nicating with M. Nectaris. . 

Annular, containing an annular spot near its south - 
margin, and one on its west and -nor 

_with several tocks, 

Shallow annular spot, with a 


low central mountain, 
$318. } 


and numerous rocks to the north of it, 


| its north east. 


“2 


aa 


Annular, with large central mountain, 
. |Annular, with 2 a SR 
Irregularly hollow = 
3. (Do. Do. comme 


mmunicating with Cyrilluson the north. | 


4\nnular, with central mountain, a high rock on its | 
_ south-east, and two annular spots on its south | 
west. It is very luminous from its south-west to | 


® 


th margin, 
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~ Names ‘of the § Spots, rateee rT Longi- } 
to Hevelius. |. tude. | 


M. Serrorum. ? 


—lAristoteles, . 
ft a : 


M. Carpathes, ne | 


‘\Eudoxus. | 
iGemma Frisius. M. Armeniae. © 
Abulfeda. . EY IM, Antitaurus. - 


: Malapertius. ene 


we Sai inpnerdonet * 
{M. Calchistan,  __ W.} 
M. Haemus.. ss) |. OQ Wo 
Insula Besbicus. YD WP 
hd phre? otal ‘| 8 wel 
|M. Calchistan. © (ho oo 1% We 
“My Taurus. » ae Nk ARE PEA | 
‘ : ee oh a 0) wi 


‘|M. Olympus. 
Pars rl sie i 


° 


‘IPars Antilibani. 


lot 


Nehonpele S ao 
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M. Techisandam. 
Antilibanus. 


is 


a ae 


~ 
= oe: 


{ 


M. Montuniates. 
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M. Ligustinus. 
Lacus niger minor. 
M. Apenninus. 
{Pars mont. hyperboreorum 
Desertum Mingui. 


j > |M. Tabor. | 

j wie ae; iMeHermon.) lsiea hy 
5. i “weit Pars: M. Libani we dis” ‘  ! 
ig 1. Ve Mi Sipylusy © MY tes PF 
vite 19 a ee bia 2 ‘i oo msdatoinay. Aisin ey rahe eal 


Table of the: Lunar ont gas 


General Remarks, 


50 ON, age and annular, with high rock on its aputht 
margin, an annular spot on its west, ee rocks on’ 
|. its south-east. - . 

44 N Large and annular, with high rocks to the east. ot i ite 
34 5S. 

par 3 
768. 
21S. | 
23S, eA re Siacakit bos ks . 
64 §. |Annular, with rock on its N. E. margin, 
7 N: |Annular, with central rock, and ridges sia. ite Nw 
1g N.{ ands. margin. m1 Lahitasisy 
pee Ie af 
+50 Se. 


res 
f 


-. - 


Annular, wih central rorkat 
Large. annular ce with ue od dh and Leentral 
rock. } bh. leat 


ae 


|Annular, with central spot. _ 


eS 


| Gea annular spot. er ates 


pe ey oh shall: ime ales 
jA large and regularly circular spot, with central 
mountain. Sti 

An irregular spot, rugged « on the west; and. « con" 
nected with a shallow one, covered on the east 

| with many small annular spots. oy 

(Large and deep annular spot, with central spot, . 

Deep and sapiens with central rock. 

|Annular. 

. |Deep annular spot i in the Appennines. | 
Two annular spots, encroaching upon each other , 

. phe speneny has ied eentay) rocks, - | 


~TAn annular’ spot, containing two caiall rocks, ae ' 
an ' annular spots on its west. Aeon “ag 


: * . : ae ve a 
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‘Names of the Spots, according Longi- 


Names of the. Spots, | 


Trastates.: to Ricciolus. to Hevelius. tude. 
Maa - y. 3. Bes 
M. Masicythus. |4E. ] 
-|Pars Libani, 4k. 
1M. Seir, | 5E. 
M. Argentarius. |5E. 
| ‘| 7 E. 
- |Promont. Aenarium. 7-E: 
Desertum Mingui. . aa 


M. Sinai. ~ 

AM. Abarii. 

Ins. Rhodus. - 

_ jLacus niger major. 
_[M. Tabor. 
{Mare mortuym. 
Ins. Vulcania. 


Ke Ins. Corsica, vi 

“\In Lacu Hercules, 
{In Lacu Hercules.. 
{Ins. Carpa. 
Desertum Hevila. 
Pars Lacus Herculei. 
{Pars mont hyperbor, . 
Ins; Sardinia; - 


Dominicus Maria. 
Manosius. < 
-¥Clavius. See Tab. IT, 
‘Rheticus. 
iAnaxagorase 


Insula Zachintus. | i 
Mi Horeb. | i | 


iM. ai 

1M. Neptunius. ma 
' {Desertum Raphidim, © 
Mons Prophetarum, 

Ins. Didymae. _ 


Table of the Lunar Spots. oe 


General Remarks. 


{Beautiful spot, with very irregular margin, two cens | 
tral cavities, and a central mountain. 

An annular spot, containing three rocks, wiv an 
annular spot on its north margin, and another on 
its south-east margin. 

Large and deep annular spot, ' with high margin, 
and high rocks to the south of it. 


* 


Irregular, cgeaettn of humerous cavities. 


jLarge anintilae spot, high and rugged on. its west | ‘| 
| margin, with a cavity a little nerth of it, and. 1 

another a little to the west. — et 
Annular, with irregular central mountains, large” 
and curious rocks on its west and east. margin, 
and luminous ridges to the north of it. 


27 N. {Annular, with central spot, and two luminous ra- if 
' 4AN. | diations from i its south margin. 1 
| & el) A remarkable annular spot, with three large and | 
| 60S. | three small marginal cavities, two large central” 
| 5§N. | Cavities, and two small ones. | 
| 78 N. |Large and annular, with a high margin on its west | 
| 21 N. | side. 

_ QN., [Annular, witha central mountain, and broad margin, 


very luminous all round, with numerous rocks | _ 
and mountains scattered on the north-east of it. | 
Annular spot. ) 


Annular, with high central mountain, and three ( 

deep cavities south of it. 
{An annular spot, with a large rock on its north | 
margin, and several onits south-west margin, Nu- | 
‘merous aPretiOEN seen toi issue from this spot. | 


a Annular cavity, eyith small spot on its east margin, 

There is an annular spot to the south of it, a 

- small deep cavity, in high ground, to the north | 

| of it, and two cavities on the margin of a half- 
formed spot to the west of it. | 
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Namer of the Spots, "Names fy) the Spots, according Longi- 
according to Ricciolus. | to Hevelius. . _ | tude, 
yCampanus. 7 [Ins etoa | oe Ey 
{Capuanus. = + —~—s- [Regio Cassiotis. ‘ps E. | 
|Landsberg. Ins. Maltha. a ER PS ge | 


\Helicon. Ins, Errors one eee £128 ES 
Frortensiwgt. Ste tay ie tay DTG ES 
{Milichius, boy F120) Fi. 
iScheiner. 530 Heian Raphidime SS Le aes 
}Origanus 1M. Athos. : 30 E, |} 
; mu Fretum Sirbonicum. (32 BE. f 
Cusanus. / ‘. (132 Be] 
ACaeateees 28 BIL aT an eaten (5 EL] 
APHata zetia g.! Os te: RN OGRA A i A SG a 
|Herigonius. i Ms RAYA ATG tery 
‘Bayer. e> | ) RRS URES we 
\Bessarion. sale (et Ab SAU (Na Le EE, i 
gbPerachide sats 30 ey ANS ae ERR ACR ls aS a 
Kepler. eo Toda Paliidopas sei" fees igs Ke. 
;Gassendus. © =  -|M. Cataractes. © tide Fane, 
Deriennes, °° **). a ies ied.”"." Dee AO Es 
Ecphantites 00 0 8 ee ian? Gea a a Oc 
Schiller" |Lacus meridionaliss = {45 E. | 
|Aristarchus. ' M. Porphyritess = 48 E. | 
Bettinus. |M. ipicanth i 49 Bag 
\Harpalus. ~ : Be Se aR aa 
archer, i) 5) Vallis Hajalon. Pe ag Bee 
Mersenius. 3 iy POSE NT Wea, LU) dae 
\Zupus. — ~|M. ‘Ajax. . Piel bangs: “ , (50 E.G 
LOUbys fc ESD SEED SEEN OR a 
}Christmann. We Bi ci ath OOO" SS 161 Bee 
{Fontana. OT Ms Geis heirs 151 Eq 
jLinnemamn. ©,” {[M."Thambes.’ =, [55 Eg 
- {Zucchius. ee Me te a oa 
 dPhocylidess "JM. Tadness sg Bae 
\Galileus. © IM. Acudus. )°5 0° 8,02 7)7 158 ae 
_ |Marus. ae! a Pars montis. sia: af 58 E. 4 
-nicani. es 


Vieta. ih aa: montem Casiuim. ax , 61 Eq 


. 
e| 
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bat Ws aad oe die 4 


/§.. |Annular spot, with a centfal mountain. itd ra~ |} 
diations extend from it to Rheinhold. 


|Annular, with a - dumindie radiation passing south | “i 
of it, and another opening : from its west. margin. | 
Annular, with central cavity, marginal’ cavities, | 
| and cavities paises its margin. 


; 


\Long cave: with central mountains, andl thie lu- ) 
minous ridges beyond its E. margin. yh 


High projecting promontory, with a high rock. of 


Annular, with numerous rocks south of its centre, 
and two annular spots on its north margin. 
It has a triple rock in its centre, and high irre- 
gular ground and ridges on its west. and east 
margin. , 
Annular cavity, with central rock, ’ 
Deep and annular cavity. 
Annular cavity. 
Annular cavity, containing a large ae spot. It 
has'a small cavity on its south margin, two annu- 
aes spots north-west of iy and four south-west 
of it, - | 


Deéep and cia Ridges south of it, and nume- 
rous rocks to the north, 
Annular cavity, with central rock, ° 


Deep and annular, with a. half orcs eres spot 
on its south-east, ridges south of it, and high 
yee north of it. | 
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reas of the Spots, according Longi- 
iy to Hevelius. A Laat 


Names of the Spoke. 
accor to Ricciolus. | 


Ocnopides. 
Ricciolus. 


ee eS) ee a a ee 7 
F * P oR , fe S 
oie me, a) ras my ‘ ee Ala 
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9 _ 
» ‘ 


General, Remarks, 
22 XN. Shallow and addlabiy, with central spote | ree h- 
| minous ridges pass from it to Cardanus, one of 
them he a the western margin, of balescee 


\Large annular spat, with annular cavity. 


Deeply anntilar, sc eal annular spot southent 
9} it. ’ 
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TABLE U, aioe es te secs and Pe 


titude of 89 Lunar. Shetsie as eteyines by To- 


bias Mayer. 


pares 


Names of the Spots, 
according to Ricciolus. 


to Hevelius. servations. | 


Mons Alaunus. 


ats hyperboreus inferior. : 
Insula major. , 


Pars montis Phropwahiat 
Pars montium Riphzorum. 
Petra Sogdiana. — 


{Pars montis Paropamisi. 

Lacus hyperboreus superior. 

M. Paropamisus. 

Sinus Phasianus. 

Pars M. M. Macrocemniorum,| 

IM. Corax. 

M. Caucasus. 

Pars M. M. Macrocemniorum.|. 
Pars M. Hercules. 


Apollonia major. 


Pars M. Moschi. 


{Pars M. Horminii. ~ 


M. Serrorum. 


Pars. M. Antitauri. 
At _ _|Insula Besbicus. 
Apianus, Pars Anti-Libani. 


Names of the Spots, according [No. of ob-] 


te eed | ree ee. ee ve RAP aep poe pe AM ey iim e re ay! 


: Table of the. Lunar age 233 


General Remarks. . 
tac Vai a 
76.20 W.)35. 2N. Cas and fee dtty annular, with al 
65.27 W145. 21 N. pointed southern margin, two large} 
62.30 Wi 7.31 S.|- central panes and two smaller ones 5 


57. 40 wi 25. sd S. Long and deep: chien on its west mars) 
gin; rocks north of it ; annular spot,| 
with central mountain, Somlecsse of it. 
6.21 W.j29. 26 S. Annular, with large and small anBHlae 
56.12 W154. 10 N.}. spot on its north-east margin. ....] 
53.45 W,/33. 31 S. Annular, with central rock and-numes| 
47.10 W.) 4.56 N.|  rous annular spots east of it. A 


29.35 W. 32. A4 N. Between Menelaus hed Pliny, stretch- 
29. 26.W.j17.17 N.| ing south. “A. strange ridge of fonat 
and. luminous ground. | | 


17.17 W.] 2. 55 NJEMigh rocks, anda a high ae moun- 
17. 10 W.150. 50 N.|__ tain between Calippus and Theatetus. 


¢ 
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Names of the Spots, 


{Stoeflerus. 
Aliacensis. 


Arzachel, — 


Alphonsus Rex. 


Reinhold. 


according to Ricciolus. 


to Hevelius. 


{M. Calchastan. 
Pars Anti-Libani. | 


{Pars Anti-Libani. 


Pars M. Hermo, = 
M. Olympus. ar 
M. Didymus. 

M. Ligustinus. | 


1M. Montuniates. _ 


|M. Tabor. Se Ah 
{Pars M. Libanon. 


Pars M. Libanon. 


|Lacus niger major. 


M. Sinai. 
Insula Vulcania. 
Insula Corsica. 


Mare mortuum. © 


Pars lacus Herculei. 


Desertum Hevila. 


Pars lacus Herculei. | 


tials Malea! 


Pars lacus Herculei. 


Desertum Raphidim. ~— - 
M. Nemtiaits pte Rah 


‘Names of the Spots, according 


No. of ob- 
servations, 


M 


‘Table of the Lunar Spots. 


_ [Longitude. 


Latitude. General Remarks. 
6. 9 W. |39. 52 S “4 
4. 1W.j29 18.8 / 
3.45 W.)27 53 S 
3. 32 W./33..25 S. 
3.25 WI 5. 53 S. 
2. 48 W.|10. 30 S. . 
2.33 W133. 43 N.| 
2.31 W290. 46.N. 
| 0.10 Wj31. 40S 
0.33 E. |26. 44S 
1.43 E. |23.53 S : 
1, 45::EJ20. 17:N. ee fie 
3.11 E. | 8.57:8. Large spot, with irregular margin of 
| different heights. werety Pe 
3.20E, |17. 7 S.|Chasms and pits on its margin; chasms} 
north of it.  - fr aes 
3.30E. |12. 37 S.JA deep cavity, with central rock south-} 
4. OE. 39. 52 S.| east of it. Alphonsus is irregular,| 
§.12E, |50. 34 8.| with a central rock: ipa an 
5.49 E, |14. 53 S. i 
9.12 EB. |51. 14 N.|Newton, contiguous to its south: mar-| 
10,43 E |43. OS.| gin, appears tobetheremainsof a large 
12, 1 E. {14.39 NJ annular spot, like Plato. The high 
12. 3E. |26. 33 N.|’ mountain Pico is ene of the remains 
of its margin. | 
13.32 E. 30. 8 S.|Half formed annular spot, with central] 
14,18 E, | 4.58 N| rock, several marginal cavities, and aj 
} | cavity communicating with it on the} 
Ete north-east. ; j 
14.52. |57. 56 S. /The south marginal spot of Clavius has! 
15.43 E. | 6.51 N.] a central mountain in it, and there is| 
16. 5E.}19. 15 N.) ahigh mountain on its north margin. | 
16.49 E.{-1. 158. | | | 
17.40E. | 4. 20 Ni 
19.56 E.| 9. 41 NJ. 
20. OE. |50.. 0S. hee 
20. 30 E, |20. 43 N.|Remarkable ridges and streaks to the 
20. 50 E. 43. 2 S. of Pytheas. | 
21. 53 E. |20. 30 §.j}A long ridge runs from its south mar-} 
22.14 E. (62.56 8.| gin, across one of the small cavities| 
2.31 N]| south of it, to the half formed spot 


22.31 E. 


west of Cichus. 


“Names of the ee according 
to Elevehiusy, 


are So 


| “Names of ne = 


according to Ruse yane servations. 


Pars vallis Hajalon, 
‘ i y y 


‘(Sinus Syrticus. 
Loca paludosa. 7) (oR 
M.. Cataractes. .)"" 5 «8 0 Aiea 
Insula Sinus Hyperb. | 
My -Porphyrites:* 74" a 
1M. Ajax. Ue SR 
M. Germanicianus. == sf 
Mi Troictis. ii 6 re 
M. Audus. © bade) 
-1M. Tadnos. ee Ae co 
Ad sinum ippechortiins ee ae 
M> Pentadactylis..").):N). “i eee 
Pals Maracotis.: 18 
Pars Mi Phenme; 4060 8 foe 
Pars M. Phermee. | rt 


Merrsenius. 
Marius. 
Schickhardus. ay 


Sept 


apne 


{Stagnum Miris..- 


o- of ob-| 


Table of ihe Lunar Spots. 237 
Longitude. Latitude General Remiarks 
25.30 E. 46.46 N.|High promontory, rising from the plain 
28. 4 FE. |59. 30S. of the Sinus Iridum. 
32. 56 E. 140. 39 N.|High and irregular promontory, with 
37.43 E. | 3422 N.| ridges on its reueena Sashas ion 
37.45E. | 8 4 N.) I, 
39. 30 E. |17. 20 S.| Ric 
‘141. 7 E. (61.33 NJ 
47. 2H. |23. 40 NJA deep cavity, “with high rocks, and 
48. 49 E. |24. 14 S.! two cavities east of it, and a radia 
50. OH. {11.55 N.) tion opening from its south-east mar-}_ 
. 152.54 EB, [45.15 5.) gin. Itis the most luminous part 
153.43 E.| 7.47 N.| of the ate: poem, 
58.36 E. 154.128 
59. 25 E. 62. 52: N 
‘163. 40 BE. [20. 50 N.} | “ sit 
67.30E.} 5. 55. Irregularlyannular, with broken margin. 
67.39 E. | 5. 43 N.|Annular, and in contact with Hevelius. 
68.13 E. | 2. 10 N.|Remarkable | spot, containing a central 


body ‘like an egg, broken at its N. 
end, and a small cavity. Broken 
ites E. of it, and a singular appear 
ance to the W. of it. | 

2. 43. §.|Irregularly annular, with an indented 
broken margin to the S. dark spots 
W. of it, anda dark feet within it. 


175.10 E. ’ 
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288 T able of the enlie Spoés. ° 
TABLE TE Table of thenew Names wuiick : 


have been given to the anonymous Lunar spots 
by Jer. Schroeter, with their positions, as de- 
termined by the Editor, from a comparison of 
Schroeter’s plates, with Mayer’s engraving of 
the ie and his # able of the Lunar Nee 


53. West. |14 North, | 


Name of the ag er Lee : ‘Latit ude. 
\De'La Calle. | O° 15/West.” [aio .o’ South. | 
Mont Blanc. O 20 West. (46 North. 
Huygens. O 30 West. {22 20 North. 
Blanchinus. 1 30 West. (22 55 South. 
Wolff. 1 50 West. 29 52 North 
Bradley. 2 OWest.  |23 50 North 
Cassini. 3 45 West. {39 57 North 
Hadley. 6 - West. [26 50 North 
Rich? 9 8 West. |50 20 North 
Higinus. 8 West 9 North 
| Godin. 10 =—-West, 3 North 

Fr. Christian Mayer. 10 | West 56 20 North 
Christian Mayer. — 0) ‘West 56 North. 
F, Ricciol. Architas. “ [10 - West. {54 North 
Boscovich. | 1] 50 West. [15 — North 
Silberschlag. 11 55 West. 11 . North 
Taquet. {19 5 West. [16 30 North. 
Maraldi. 131 24 West. |17 50 North. 
Roemer. — 31 30 West. {21 30 North. 
-iChristian Gaertner. 32° “West, [67 North. 
Democritus. SR West. |60 40 North. 

- {Christoph. Arnold. 135 West. |63 North. 
ta 


7, Viens > ve ” fal a Se 
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\ 


General Situation. 4 General Remarks, 


|W. of Purbachius. a 


‘|Annular, and bordered on N, andj _ 
| | | |W. with several annular pag 
[Between Cassini. and| A high rock. 
Newton. _ 
{South of Archimedes. |A high rockin the Aeaue 
W. of Purbachius, and §./Shallow, but high and irregular 
‘of De la Caille. ~ | in the West side. | 
IN. of Eratosthenes, An elliptical insulated rock. 
N. E. of Huygens. —_jA high rock in the Appenines. 
N. of Aristillus. : Annular, and enclosing other 
; ! two annular cavities. 
N. E. of Bradley. {A high rock in the eae: 
N. of Archimedes. An insulated rock. | : 
S. E. by S. of Manilius. 


Irregular rock. 
S. of Agrippa. Annular spot, with central emi- 
| IN. E. of Aristotle. 


nence. 
Irregularly annular. 

S. of the preceding... |Annular. 
S. E: of Aristotle, and Annular. 

S. of the preceding. 
Between Manilius and Shallow, and irregularly Siaclee 
Menelaus. 
.. of Boscovich, and|Long and shallow spot. 
stretching from N. Ey) 
to S. W. 


a 


>| Small annular spot. 


Shallow and annular. | 
‘1Annular, with central eminence. 
ee by W. of At Small, annular, and shallow. 

) totie. ; \ 
N.-W. of Aristotle.. Aranuler. 

N. N. W. of Aristotle. [Annular and shallow. 

S. W. of the centre of Annular. . 
the Crisian sea. 


_ {Thomas Street. 
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Names of the Spots, &e. Longitude. Latitude. 
Palitsch. ie oi, | 570 West. 3° South. 


58 10 West. : 
58 15 West. } 


poles, . 


0 = South. 


66 a . West. 
68 oh West. i 


68, West.. 


j09 » West, af 


On Moon’s » 
~ Eastern limb. 


59 . Eastey 4 


er 


10 50 Bast. 


Berhi de Fontenelle. 11 | East. | 


Robert Smith. LF cu aati, Oh 


Heinsius, | 


Wurzelbauer. - 


128 18 North. 


2D a North. | 
12 ig =ailieth. | 


From 2° 43'S. 
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General Situation. r General Recon Mtaa A. 
lan enclosed shallow. «|. 
Annular. 
Irregularly annular. _ 
Shallow and annular, with a cen- 

tral eminence. - 
. E. coast of the Crisian]Annular. 
{ sea. 
South coast of dis Cri Shallow and annaular. 
sian sea. 


|North: of Furnerius. 
{S. W. of Geminus. | 
ast of southern Cepheus. 
South of Petavius. — 


vite 


“Crisian sea. 
hast of Gvininldus’s an 
Ricciolus. 


These high mountains project 
distinctly beyond the defined | 
limb of the Moon. 
East of the straits which Annular and shallow. 
separate Phocylidesand 
Schickardus, in contact] 
with the latter, and 
{ nearly with the former. 
{West of Anaxagoras. 
East of Regiomantanus. 
North-west of Tycho. jAnnular. 
South of Plato. ~-1Shallow and annular. 
On the South margin ot1A lofty pointed rock. 
Newton. : 
{South of Anaxagoras. Annie with nbaiug eminence. 
|Between Maginus and Annular, with an annular spot on 
Tycho. its east and west margin. 
On the Southern margin Annular, with central eminence: 
of Cassini. | ' 
South of Wing, and near- 
| ly touching it. 
{North-east of Tycho. 


Ugh 
a 


Long and irregular, 
Deep irregular cavity. 


Annular, 


Annular, with another annular’ 
‘| Spot on its south margin. 
Annular, with four long central 

eminences, stretching north and 
- south. 
Deep and annular, with high m mar- 
| gin, and three annular spots to-| 
. wards the west. . 


South-east of Pitatns, 
and east of Gauricus. | 


jEast of Pitatus. . 


4, 


"Longitude, . Latitude. ; 


a 2° ‘ "East. Ho” North.» 
22 ait, 


" wi 26 oa South, - My 
. A ' i 


1530 Bast. 40" Nore” 


48 55 North. 


5 25 | East. 


7 45 North. 


25, 30. Patt : 
18.30 South. 


“199 South. 


(7 South. 
16 8 North. | 


22. 55 North. 
Iss South. 
eee North. 


145 55 North. 
2G F South. | 
(62. North. | 


40 | sfact J A 


228. South. 


{16 — South. 
{59 50 ‘South, — 


‘143° “North. | 


Sauitene reel south off nnular and insulated. 
Heraclides Falsus. | sien 

| Between Cichus and Bul- Annie and shallow; wae two] 

lialdus, and equidis- - high mountains in its margin. 

tant from them. ee a 

East of Helicon 1. | noular and sailed bi 


(annul with singular pee 
and a volcano to the N, E. 
. Of ite 

{Shallow and annular. 


: forth of Pytheas. 
North of Heraclides Fal- 
gus. 

Between Heraclides Fal- 
sus and Condamine. ~ 
N. E. by E. of Bullial- 
dus. 


Shallow and annular. aE 
‘a he ot ; 


Two. shillow annular spots, with} 
¢ . two rocks N. E..ofthem.  . H 
. S. W. of Calnpastle, Annular and shallow, with irré-] 
"between it and Cichus.| gular high ground in its south, ! 


! "ern margin. 
|S. E. of Bullialdus. Annular, with a central eminence, |) 
N. E. of Bullialdus, 


Annular, with another annular} 
spot, and rough ‘ground int its} 
western margin. 
(Annular. 


1 etween m Mabpaisis and Annular. 
| Scharpius. | 
IN. E. of Heraclides. 
{Twelve degrees south. o} 
_ Gassendus. 

» W. of iin ed 


{Annular and deep. 
Annular, with a central. eine ; 


yi Annular, and connected with mE : 
| \aximander, with a rectangular} 
row of spots. 
Annular. 
nnular and shallow, with a long 
| | ridge from its nerth margin. | 
etween Me veliiiig andiAnnular and very shallow, with 
Vitello, N. W. of Vi-| a central eminence, and a spot 
tello. on each side of this eminence. 
{South of Henisius. —_— [Annular and shallow. 
. E. by E. of Rost. {Double annular spot. 


dE. of Heraclides, 
Mi North of Mairan. 


ae _ Pable of the Lainar Spois, 


Latitude. . bm 


North. e 
| 20 30 North. | 
| South. | 

‘South | 

South. — 

4 te oS South. " 


A obdincy KF 


South. 7 


4 South. | 
South. 
| ee 


> Weak” Re i 
South. | 


_ South, 


cs 


v 
ee 
ES aS a et ee es 


~< 


iS. E. of F Sidiier: ~» JAnnular, : ke 
S. E. of Marius.  {Annular. ae eT 
N. E. of Harpalus. Annular and shallow, avieks a deep 
Yes ; annular spot on its W. margin, 
1S. E. of Reinerus. | Annular, with a long ridge on its 
| N. margin.’ | 
1S. E. of Pythagoras, Wb Annular, with central éminence, | 
touching Lag Ks 

N. E. of Pythagoras, {Annulat. 
| touching: it. , lige as 
North of Seleucus.. {Annular and shallow. 9  - 
North of Bailly. {Annular, with a long ridge from 
| its northern margin, 

E: ‘of Brigg ind Secleu- A very long shallow spot, stretch- 
jus. i | ing from north to south. Inre- 
“gularly annular. ay 
IE. of alee Zucchius, Long shallow spot, with. several 


i ‘and Kircher. ~ annular ones within it. 
iEast of Bailly. Extremely elliptical, with two 
see | bright eminences in the centre. | 


East of Lichtenberg. {A very long annular spot, with a 
nea | | large central ridge. 

‘ North of Kaesingr. Annular, with two central emir] 

| oT nences. 
North of Zucchius, and Annular and shallow, with long] 
| _ touching 3 yeaa ridge from its north: margin. 
South-east of Seleucus, Annular: 

and N. of Cardanus, | 

South of Bail. Paihia with a central Lana | 
Between Clavius and Annular, with a central ma 
| Moretus. 

South of Moretus, ea Annular, with central eminence, - 
| enasal 4 it. 
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‘TABLE. We Containinte ic Names and Po- 


sitions of the larger and moreremarkable Spots, 
which were supposed to be seas 'y Rcciolus and 
_ Hevelius. 


aye ise Deter and ee - gh oe u err i 


| i stemerenaeioe to. ak Position. || 


“Names according to. 


Ricciolus. pti a Hevelius. Pu 
CMT TATE EL ere Te 
4 \Palus Maeotis. 57° W. 16° N. 
iCrisian Sea. Lake of Maeotis., ats ponieteule 
‘|Mare Faecunditatis\Mare Caspium. |50 W. 5 5S. 


{Sea of Fertility. 
\Mare Nectaris. 


{Caspian Sea. 

Sin. Athen. et. Sini35 W.15 S. | 
Wea of Nectar. exter, Ponti. Phat oa: 
{M. Tranquillitatis. Pontus Euxinus. . \30. Ww. 5 N. 
{Sea of Tranquillity .|Euxine Sea. 

|Mare Serenitatis. \Pontus Enaxtnus. |20 W. 30 N. 
{Sea of Serenity.  |Euxine Sea. 1 | 
\ZLacus Somniorum. \Sinus Cercinetis: |30 w. 37 N 

| Lake of Dreams. He He , 
|Lacus Mortis. 
Lake of Death. 


WPalus Somnit. 


| Montes Peuce. 29 W. 48 N. 


| Lacus. Coroconaa- 41 w. 14 N. 
— metis. 

Mare Hyperboreum.|From!30 E. to 
1. Hyperborean Sea. 40 W. 55 N. 
|Mare Vaporum. \Propontis.._ 6 W.10 N. 
{Sea of Vapours. 
‘ ‘Sedans Aistuum. 


‘|Mare ee a ig, E. 2 N. 
Adriatic. Sea. 

_|Mare Paina litter: 15 E. 20 S. 
|Pamphylian Sea. 

Sin. Sirbon. et M. \40 Sa) 25 S. 


ie Mare Nulium. 
'\Sea of Clouds. 
Mare Humorum. 


fEgyptiac. 
Insula Didymae. 30 E. 22, e: 
«(Island of Didyma. ) 
Oceanus Procella- \Mare Eoum, et Min the: Banator,| 
| rum.  Medit. Pars. and crossed byj| 
i, Ocean of Bt ormni, Eastern Sea, and the parallels. 


part of the Medi- ~ 32 50 E. 
terranean. 

Mare Medit. Pars 20 E. 30 N. 
Septent. | 


\Mare Imbrium. 
Sea of Showers. 


Sah aaa, 247 
oe ere wenee 


scaliaplilhdls Collab ponnchedoe: mm Pee et 
y - 
i 


Pe Sea ee 


| oi ; General Remarks. 
ence enette 
High in he! middle with a ridge running from its Rasher 
‘| to its northern margin. ee 
A. ong spot stretching: tfrome te to 8. with rocks and cas 

ities interspersed, 


2B : 


The North East part of it covered with annular spots. 


Covered meh seule elevations, and with low ridges, which 
__appear like streaks of light at full Moon... 
Long irregular blackish apet N. W. of M. Serenitatis. 


ee 


A small faint black spot, with some annular spots. 


A pale spot, containing several small annular ones. 


|Small black spots. . 


Interspersed with small rocks and cavities} 


f 


Covered with rocks and with ridges on its Ne E. extremity. 


| This name is given to all the tacild spots bynevenin 10° 
| south and 20° north, and lying to the east of the parallel} 
, ‘of 20° east. 
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Names scegeding to | 


Ricciolus 


Sinus Iridum.  |Sinus Apollinis. |31° E. 44°N, | 


|Bay of Rainbows. |Bay of Apollo. — 


Sinus Roris. __. |Sinus ES ath 50 N.. 


Bay of Dew. Northern Bay.” : 
‘Terra Pruine.. “99 Ex 4g N. 
Gadd “of: Pheer, ibguy eer io dtew: ae eae} 

| Frost. The bist five names | 


|Terra Siccitatis. “| have been intro-|40 E. 62 N. 


{Land of Drought. | duced by Schroe-| ie 
Palus Putredinis. WONT St. 
Land of Putrefac | 

OG Meee CR ba Ris 

|Palus Nenlenan.: ie CA apa 31 N. 
Lake of Fogs. . Lies Spey 

|Terra Grandinis. | 

The Land of Hail. 


7 See 
SE ee ee oe 


re ‘al soipemaga vale 11 
| fe ve Harpalus, &c. 
t hie Hf 


' 
t : 
: 
4 * 
t : 7 : mee’. ‘ A 
ak ‘ : a PS pet * 5 ‘ EDGY 9.0 Wee thy 
4 ‘ i : / 
# , E 
‘ j 4: 2 
j : bs rt eps) ea wir s et ‘ " 
9 yay sa Bias : 
: 


South of Autolycus. 


Between Autelycus san Asistllus : t ales 


hs 


Lying between Plato and Cassi and covered with nu-| 
cc aslo Sc A Ib be LLU eae 


7 
2 
& 
- 
s 
i) 
1 
/ : * 
~ 
, 
t. 
et ot 
ty 
is 
a 
¢ 
LJ 
" . 
‘ & l 
a 
+4 
= 
' 
eh, 
fay a 
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x 
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Se Having thus given a fall tabular. view of the 
_, hames, positions, and general appearance of the 
mountains and spots.on-the Moon’s surface, we 
shall now procéed to give an account of the dif. 
ferent phenomena which may be. fipeorered by 
a minute éxamination of her disc. | 
Astronomers have not been content with 
merely: inspecting the surface of the Moon, 
they have even attempted to measure the height 
of the mountains, and the depth of. her cavi- ° 
ties; and though on this point there is a difference 
of opinion, greater than might have been ex- 
pected, the results are still highly curious and 
interesting. 
Rieciolus’  Ricciolus proposed to measure the mountains 
ssc of the Moon, when she was in quadrature with 
the Lunar the Sun, or when the half of her disc was illu- 
Mountains minated. He supposed DAE to be the side of 
Plate tv, the Moon that was turned to the Earth, or the — 
¥ig.2 circle DAE to be a section of the Moon per- 
pendicular to the boundary of light and darkness, 
and DA the half of her hemisphere, that was il- 
luminated by the Sun. ‘Then, if M be a moun- 
tain placed in the dark part of her disc, and 
viewed by an observer on the Earth, at O, it is _ 
obvious, that whenever its summit becdrhes Vi- 
sible to the spectator, it must be illuminated by | 
a ray of the Sun SMA, which is perpendicular — 
to BA, the radius drawn from the centre of 
the Moon, to the boundary of light and darkness, _ 
Ifwe then measure, with a micrometer, the angle _ 
subtended by the line MA, the ‘space between — 
the luminous vertex of the mountain, and the © 
enlightened part of the Moon’s disc, we shall — 
_ have the two sides AM, AB, of the right angled — 
; ‘rangle AMB to find the third side BM, and 


. 


New Discovertes, es'0 3 in the Moon; 251 


consequently, CM, the height of the mountain, amr | 
or the excess of BM above BC. By the 47™ of, 
the first book of Euclid, we have AM?+-AB*= © 

BM’. Hence, BM=,/AM’-+-AB*, but BM= 
CM+BC; consequently, CM+BC=,/ AM? 
+AB*, and CM=,/AM?+ AB*—BC. 

As this method is applicable only when the Dr. Her- 
Moon is dichotomised, it is necessary to have ai. a 
more general method of ascertaining the alti- 
tude of her mountains. This defect has been 
supplied by the following simple and ingeniouis Plate 1v. 
method, suggested by Dr. Herschel, and ap-"s: + 
plicable in every part of the Moon’s orbit. Let 
DAE be the hemisphere of the Moon which is 
turned to the Earth, and DA the visible portion 
of the enlightened hemisphere FDA. Let M be 
a mountain, viewed by an observer on the Earth 
at O; then it is obvious, that if we measure with 
a micrometer, the distance between the summit M 
of the mountain, and the illuminated disc at A, we 
shall have theangle subtended by Ar, from which, 
it is easy to ascertain the length of AM, in parts 
of the Moon’s radius. Produce OM to 7. 

Draw Am parallel to O x, and let Ar be paral- 
lel to m2, it is obvious that the angle. SMn, 
or its equal ABD, is the elongation of the 
Moon from the Sun, and that Am, is the sine 
of the angle of elongation. Now, the right angled 
triangles AMr, and ABm, are similar, from 
the equality of the angles at Mand B; there- 
fore, we have Am: AB=Ar : AM. "Hence, 


AMX Am=:ABx Ar and AM="2%4*, that is 


the distance between the enlightened summit of 
_ the mountain, and the illuminated part of the - 


Moon’s disc, is equal to the projected distance, 
as meagered by the micrometer, divided by the 


CHAP. 


yy ew , wr. 4 * % pod iat re) 4 ot Sans oy Ay 5 ght 3 
959, New Discoveries: ts'c. in the Moon. 


sine of the Moon’s elongation from the Sun, r ra- 
dius being unity. Hide IG 
~ Dr. Herschel measured several of the ‘lunar 


mountains with great care, and found that their 


height had been greatly over-rated by preceding 
astronomers. . With the exception of a few, he 
found that the. general height of ‘the mountains 
does not exceed halfa mile. The follownne are 
a few Ht his Lsaccauarusinin ; 


sac 
cr > 


hy a near the’ Laue Niger of Hevelius, are ikh oe 
Antitaurus, 2) fo") 95), es ae FETS ge aks 
Mopnt dengan safe Suit Bake. 4 eerie 
One of the Appennines, SAE lake Thrasimenns. ie 
and the Euxine sea, > =~ = ns oa 
Mons Armenia, nea! Taagusy jh ee a 
Mons ‘Leucoptera, fhe SU NLA gt ig cM 
Mons Sacer, RTE ee Le Me fe vn a4 7 


The stulide ae the mountains obtained by the 
two preceding methods, is evidently not taken 
from the general level of the Moon’s surface. 
When the solar rays, which illuminate the sum. 
mit of the mountain, pass over high ground, 
which is the same thing as when the point A is. 
above the general level of the Moon’s. surface, 
the height CM is the height above the level. of 


the point A, and is, consequently, too small, by 


the quantity which A Is raised above the general 
level of the Moon’s surface. On the contrary, 
if there are any hollows at A, which permit the 
rays of the Sun to reach the vertex of the moun- 
tain sooner than they would have done had the ~ 
ground at A been level, we then get the height 
of the mountain from the bottom of these. hol- 
lows’; a result too great, by the quantity which 
these cayities are depressed below the Moon’s . 
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surface. Both these cases, particularly the first, CHAP. 
must frequently occur, and will require no. small i. 
address in the practical astronomer, to aee'y 
the necessary corrections. _ 

A method different from any of the DNs 
ing has been very successfully employed by 
_M. Schroeter. He measures the projections of 
the shadows of the mountains, when the Sun is - 
near their horizon, and is either about to leave | 
them in darkness, or advance to the meridian. 
From the distance of the mountains from the 
boundary between light and darkness, we pre- 
sume, that he finds the altitude of the Sun above 
their horizon, and thus deduces the altitude of 
the mountains, In this way, he has measured 
not only the lunar mountains, but likewise, the 
depth of her immense cavities; and it appears 
from his observations, which we shall give at 
some length, that the mountains of the Moon 
are considerably higher than those on our own. 
globe. In the following Tables, we shall. pre-. 
sent the reader with the various measurements. 
of Schroeter, relative’ to the height, and the. 
breadth of the base of insulated mountains; cen- 
tral mountains, annular mountains, the heads of 
annular mountains, and stratified mountains, and. 
likewise with the depth and eae of the Tunar. | 
ert, | Lh EP a RO 
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TABLE !, Containing the Height and Breadth — 
_. of Insulated Mountains, the Height of the 
Moon’s Atmosphere being 1.622 Miles, ang 
the Height of the more dense Part, which pro- 
duces Twilight, being .381 English Miles. 


Reference to oe Names of thoulated "Haphe i in 
Schroeter’s Plates. | == Mountains. . bh nrgand sri ? 
et Fog sea 8 dol ik ed ig per 
bf Leibnitz. didi 4.047 
ay | {| 4.886 
7S ike oo BEY SUDO” } 
xe Doerfel. BAY (| 4.874 - 
A. bia : / 4.656 | 
) Rook. ) p ’ ee | 4.886 i 
oy | | 4.880 | 
> in, . 4, 680 se 
Pp (|) 4.571 | 
sped ita | 4.517 
i & shel OAS hseene ihe eth) AOR an f By a 
} if _ |Mountains of D Alembert.| 3.639 
1c RH A f a ci en 3. 469 
ef ae UTE Wate ee We toe | 3.226 4 
r . 3; 7 4° i 
a Bas © 
gJ fp 2.313, 
bi (I TE scott 11 Spent Ole AAS heli 
mise |Calippus East. , 3.183 
bu _ 3.081 
yf e Bradley. | 3.277 
ie ; Mont Blanc. 2.664 
2.646 
I arena ee | 2404 
sigs Wolf, (2.301 — 
n In the Crisian Sea,’ | | ' 2.179 | 
k _ {Near Theatetus. - | 2.179 
ik __|Bast of Purbachius._ 2.058 


jLength of - sr 
Base, in English] 
miles, 

36.88 
46.10 
162.27 * 
23.05 
20.96 
62.23 
27 .66 
23.05. 
20.74 
27.66 
17-29 
27.66 


¥ Ge i 
P _¥ pame ! 


27.60 
96.81 
12.68 
(27.66 
20.74 + 
W228 
' AY.49 
23.05 
27.60 © 
13.83 
14.98 © 
aLk.52 | 
Q9.22 
36.88 — 


16.13 


“11.52 — 


Steep on its south side, with a hollow. 


_|d, e, f, g, h, on the same limb. 


General Remarks. 


None of these seven mountains appear in 
sagas s plates, 


i x } . j ‘ ) R: ¢ d 
On the Moon’s eastern limb, in lat. 24° 5’.| 


A round mountain, with a lower one on) 
its south side. hf 


A long ridge, of equal height. 

A round rock in'the Appennines 

A round rock woh. of enone and ditto 
east of Conon. — | 


Part of a broken ridge. 


Rocks in the Appennines. 


An elliptical rock, with a chasm in its}. 


southern extremity. 
Elliptical rock near its eastern margin. 
Large mountain, with’ high rock on its}, 
south-east. : 


Large mountain. = 


’ }. Oe ya y 
Liew, tied ee ou, 


- 


meee Pag oa ow 


Reference to 
| Schroeter'’s Plates. 


|Near Plato. 


.. |Near Newton. 
_ [Near Theatetus.. : 


'. [DeLa Caille, in the Miaal 


Names of Insulated 
Mountains. 


|West of Geminus. 
S. E. BY E. _ of cae 


South-east of Bratosthenes| _ 


Mayer Promont. 

Near Mare Seren. 
|Promont. Alp. _ 
Heraclides Falsus. 


a! 
Near Aristarchus. 


Alp, |) 
In the Crisian Sea. ; 


. jNear Mar. Serenit. — 
Near ‘Dirolaas . 


|De La Hire. 


{Near Fontenelle. 

{Near Archimedes. . | 
_ {Near Hortensius.. 
Near Euler. 6 4 oy.) 
iNear! Plato. jay dite att) 


Kies. » 


Near Hermann. 
N ear bad 


s Of Lunar Mountains. — - JQ57 


Race faaeiiich a General Remarks. 


18.44 {Large rock, stretching from east to west. 


9-22 [High cesta rock on ‘SS. marg. of Newt. 

34.57 - jLarge mountain, ‘touching Erathsthenes/ 
19.59 East of Plato. 
48,44 (|Largerock, - -, 

W729 prema ih 


 Qe22, a 4 : 
‘8.07 High peak upon a lofty promontory. 
16.13 f 
17.29 


10.37 # |East ‘of Aristarchus. 
11.52 S. of Pico; in'the margin of Nditon. 
ip 6 Part of the ridge W, of Theatetus, and 
d4.98, °°) S, of a small. annular spot. 
"9.22 N.E of Picard. A 
“6.15 [See Schroeter, Plate LVII. . 


_ 10.37 {Part of the high ridge N. Ee of. OTe | 
49.39 See Schroeter, Plate. XXI % 
10.37 A brilliant mountain, like a volcano. 
48.44 .. {Along narrow.mountain S.E. of Aristotle. 
10.37 East‘of Eratosthenes. © 
6.91' {On its W. + margin, E. of Seleucus. 


13.83 ae ridge S. of Archimedes. 
11.52 — |Large rock N.N.E. of Hortensius.. 
4.61 S. of Euler, and nearest it. 
5.76 North of Mont Blanc. 
9.22 |Semicircular ridge E. of Thebit. 
8.07 S.W. of mountain A, and N. of B. 
11.52 S.E. of Thebit. 


Mountains on the S.E.- margin of Kies, 


3:46 |North of Bullialdus. > 


Poh U. | cap 


‘ 
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TABLE II. Containing the Heist’ of na, 
Tee, and the gin cgch of their Base. | 


\ J 


Reference to Names of the central aah Hei ht in. 
Schroeter’s Plates} Mountains. {English Miles. 


ECCT cma anes Dein or 


w Arzachel. 


C papal 
B® © |Pythagoras: 
Albategnius. 

‘|Walter 


‘1 Arzachel 

vy. {Alphonsus 
Vitello 
Gassendi 


e fig. 1, |Doppelmayer. 
a. ycho. 
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\ 


base in English . General Remarks. 


10,37. |A-high and long rock, with a peak ‘higher 
| than the rest, whose shadow is like a 
black spot in the rock. : 
5.76 {In theannular cavity south of Alphonsus. 
16.13 | {See Shroeter, Plate XXVI. 
10.37 — | 
Qg.22 {A very irregular hill, with two arms 
stretching north and west, and a small 
annular cavity near each arm. ‘3 

10.37 A small annular mountain. e 

16.13. |A small round rock. . 

' 6.15 {See Schroeter, plate LIV. 

13.83 |This mountain has three tops, one o 
_ | -which appears like a bright spot in the 
shadow of the other, when the sun is in 

11.52 | its horizon.. See Schroeter, plate LIV. 


10.37 Near the west end of the annular cavity. 
vied See Schroeter, plate LV. ; 


The central mountains, whose height and magnitude are 
riven in the preceding Table, are those which are placed 
n the centre of the spots or cavities that are surrounded © 
with annular mountains. Sometimes these mountains are 
found towards one side of the cavity ; but, in general, their 
position is exactly central. The references in the Table to 
Schroeter’s Plates, will be of advantage to those who wish 
9 examine the subject with greater care. - 
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TABLE Il,’ Containing the Heights of the 
Heads of Annular oo and the Length 
of their Base. 


we Referende: ie 
to Schroe- | 
ter’s Plates. 


“Names’of the » vaeale in 
Mountains. = |English Miles. 


Base in Eng- 
‘lish Miles" 


ijt sx Sey 


De La Caille. \ 2.198 | 
Eratosthenes. . .... |, 1.852 


! 
14 
é 
" 
4 i 
a. 
se 
Hy ‘a 
a 
te 5 
- * 
= t 
* "i a : 
abe O rps < 
te 4 
é -. an 
Ay 
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-'PABLE IV. Containing the Heights of An- 
nular Mountains, with the length of their 
Base. 


Length of their 
Base in Eng- 
lish Miles. 


Names of the Height in 
Annular Mountains. [English Miles,}; 


ter’s Plates. 


2.046 | 59.93 
1.429 36.88 
14294 52.13 
1.362 | 64.10 
lise 28.81 
1.211 | 27.66 
1.192 10.37 
1.114 33.42 
0.932 9.22 
0.902 59-93 
0.835 27.60 
0.690 71.45 
0.708 9.22. 
0.702 32.27 
0.599 21.90 
Near Alpetragius. 0.538 9.22 
Plata. 0.538 69.15 
Near Aristarchus. 0.538 Q-22 
In Cassini. ‘o eral Q.22 
0.023 
13 4 ae 23.05. 
0.563 8.07 
0.448 29.20 
0.339 | 11.52 
0.217. | 16.13 
0.217 * 16.13 
0.193 | 16.14 
0.193 6.91 
0.127 | 65.96 
0.108 | 6.91 
0.090 - unkown. 
1 0.423 © 7) 27.06 
0.399 6.15 
Near Heraclides. _ 0.399 -{ 9.22 


és: 1 
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pegs cs, ‘Names of the Annular Height in PEN ed 

tela Plates Mountains. _ jEnglish miles. Hagtish miles 
‘d= . |Near Thebit.. 13.83 
~ {Rheinhold. 34.57 
] Near Timocharis. A461 
B  ~jNear Copernicus. | 11.52 
Cassini Alt. Med. . 36.88 
ALLO Pci . 27.06 

w -|Near Plato. ; 8.07 

_..{Hortensius. 13.83 
wit | Pliny a4, 34.57 
Near Aristillus. ‘578 
Near Possidonius. 6.15 
Near the Sinus /és- eae 


tuum. 


TABLE F. Containing the Heights of Strata 
of Mountains, and the Length of their Base. ° 


[Reference |. CAKE | Height in Length of . 
to Schroe- | Names of Mountains. English © /their Base in 


ter’s Plates. 


Miles. | |Eng. miles. 


SS 


Near Marius. 0.502 4.61 
a 0.502 Ban 
ear Aristarchus. * oe 5.76 
Near Newton. Bite 4.61 a: 
{Near Heraclides 0.193. 46 
3 Falsus. 0.1084 , ne 
7 . 0.181} - 
Imum. \Mar. Seren. ‘ ae 6.15 | . 
Near Thebit. 0.096 2.30 
2dum.. \Mar. Seren. 0.108 | 6.15 
3éium. |Mar. Seren. 0.078 6.15 
_ [Near Archimedes. 0.072 5.76 
Near Marius. OZ 4.61 
Near Hermann. 0.096 5.7 | 
Near Marius. 0.084 — 4.6] 
Near Marius. 0.066 4-61" 4 
Near Hermann. 0.048 _ aioe? | 
Ibid. ? 0.042 . 4.61 
0.042 Aine. Vs 


Near Hermann. 
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| Prori bg aft 
meee > V. i meat the Depth of the 
Lunar Cavities, and the Breadth, of their 
Or tee | Shige aap 


Depth in Breadth of 
jEnglish miles.| their orifices. 
lth 


Pe et 
to Schroe- 
ter’s Plates. 


Names of the Cavities. 


Bally 2 ST FR e = ERE IRN preeeciee 


of, Bernoulli. 3.760 1° 16.13 © 
A. {Helicon West. i: bees 18.44 
Eudoxus | “| 40.25 
ie * 36: | 
Thebit. { 201) 29.96 
. Pytheas. 2.343 10.37 
B {Helicon East 2270 410.40 
c |Thebit. 2.119 (11.52 
Lambert | { me | | 10.37 
Theatetus. - 1; 2.064 16,13 
Calippus. 1.901: 14.08 
Manilius, { | ese 2 10.37 
Bianchini Loew supa eo - 27.66 
Euler. | 1.804 _ 13.83 
Autolyens. { r ape (18,44 
Rheinhold. . 1.647 20.74 
Copernicus. * { i eka kia 37-95 
~ Picard. 1.563 13.83 
I {Near Aristotle. | es Sea Q.22 
i eS Sled 
Menelaus. { aie 14.98 
Pliny. 1.392 | 24.20 
j ; bait 1.410° | 
a } 7.332 18.44 
_ |Landsberg. 1.332 20.74 
d |Near Thebit. 1.126 8.07 
Aristarchus. 1.108 23.05 
A |Near Pliny. 1.077 11.52 
@ |Near Purbachius. 1.059 6.15 
E_. [Near Copernicus. 0.987 6.15. J 


ae ial 
© 
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Breadth of. 


SK Near Pliny. 
E_ |Near Regiomontanus. 
3d |Near De Le al 


ban gated Pobias Mayer. 
Cris. Sea.|Near Picard. ° 


CG; 


A. 

A {|Ptolemy.. . . 
Bullialass. DU 
Godin. 
Possidonius. . 
Near Possidonius. 
Marius, 
Axchitas. 
Agrippa. 
Ane 

__ |Fontenelle. 
Mar. Seren. 
Aristarchus. 

- (Cardan. 
Krafft. , 
Near Possidonius. 
‘Mar. Seren... 
_|Mar. Seren. 
A 
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_ It appears, from the remarks containedin the CHAP. 
preceding Tables, and it may be observed with _‘Y” 
the aid of a common telescope, that the lunar 
surface is not only diversified with rocks and 
cavities, but that some parts of it are distin- 
guished from others by their superior illumina- 
tion. The dark parts of the Moon’s disc are 
always smooth, and apparently level; while the 
luminous portions are elevated tracts, which 
either rise into high mountains, or sink into 
deep and extensive cavities. The general smooth- The dark 

3 | é’ at parts of the 
ness of the obscure regions naturally induced jyoon do 
astronomers to believe that they were immense ot contain 
collections of water. The names given by He-“*“™ 
velius are founded on ‘this opinion; and not- 
withstanding the discoveries which have been 
made on the surface of the Moon, it is still very 
generally maintained among modern astrono- 
mers. When we examine the Moon’s disc, 
however, with minute attention, we find that 
these obscure portions are not exactly level 
like a fluid surface. In many of them the 
inequality of surface and of light is consi- 
derable; and, in some parts, parallel ridges 
are distinctly visible. The large dark spot on 
the Moon’s western limb, which is called the 
Crisian Sea, appears in general to be extreme- 
ly level; but we have frequently observed, 
when the Moon was a little past her opposition, 
‘and when the boundary of light and darkness 
passed through the Crisian Sea, that this bound- 
ing line, instead of being elliptical, as it would 
have been had the surface been fluid, was irre- 
gular, and evidently indicated that this portion 
of the Moon’s disc was actually elevated in the 
middle. The light of these obscure regions, 
likewise, varies very much, according to the 
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hago angle of illumination, or the altitude of the Sur 
a... ove their horizon; and when the Moon is’ 
near her conjunction, they are not much less 
luminous than the other parts of her disc. Now 

this could never happen if they were covered 

with water; for when a fluid surface is not 

ruffled by, the wind, the light: of the Sun, or 
rather the image of ‘tlie Sun, could not be seen 

unless when the eye of the observer was in the 

line of the reflected rays. It would appear, 

| therefore, from these facts, that there is no -wa- 
ter.in the Moon, neither rivers, nor lakes; nor 

seas ; and hence we are’ entitled to infer, that 

none of those atmospherical. phenomena, which 

arise from the existence of water in our own 

globe, will take place in the lunar world. 

Funar The strata of mountains, and the ‘insulated 
moun" hills which mark the disc of this luminary, have . 
evidently no analogy with those ‘m- our own 
globe.’ Her mountainous, scenery, however, 
bears a stronger resemblance to the towering’ 
sublimity, and the terrific ruggedness of Alpine 
regions, than to the tamer inequalities of less. 
elevated countries. Huge masses of rock rise 
at once from the plains, and raise their peaked 
summits to an Immense height i in the air, while 
projecting craggs spring from their ruggedflanks, 
and threatening the valleys below, seem to bid. 
defiance to the laws of gravitation. Around 
the base of these frightful eminences are strewed 
numerous loose and unconnected fragments, 
which time seems to have detached from their 
parent mass ; and when we examine the rents 
and ravines which accompany the over-hanging 
clitls, we expect every moment that they are to 
be torn from their base, and that the process of « 
destructive separation which we had only cone . 
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templated in its effects, is about to be exhibited CHAP. 
before:us in tremendous reality. The strata of ait 
lunar mountains called the Appennines, which 
traverse a portion of her disc from north-east to 
south-west, rise with a precipitous.and craggy 

front from the level.of the Mare Imbrium. In 

some places their perpendicular elevation is above 

four miles ; and though they often descend to a 

much lower level, they present. an inaccessible 
barrier ‘to the north-east, while, on the south- 

west, they sink in gentle declivity to the plains. 

The analogy between the surface of the Earth Lunar ca- 
and Moon fails in a still more remarkable de-““™* 
gree, when we examine the circular cavities - 
which appear in every part of her disc. Some. 
of these immense caverns are nearly four miles 
deep and forty miles in diameter. A high an- — 
nular ridge, marked with lofty peaks and little 
cavities, generally encircles them; an insulated 
mountain frequently rises in their centre, and 
sometimes they contain. smaller cavities of the 
same nature with themselves. These hollows 
are most numerous in the south-west part of the 
Moon; and itis from this cause that that por- 
tion of this luminary is more brilliant than any 
other part of her disc. The mountainous *, 
ridges, which encircle the cavities, reflect the 
greatest quantity of light; and from their lying — 
in every possible direction, they appear near the 
time of full Moon like a number of brilliant 
radiations, issuing from the large spot. called 
Tycho. - 

It is difficult to explain, with any degree “a pro- Explana- 

bability, the formation of these immense cavities ; °°" °° ! 
but we cannot help thinking, that our Earth verns. 
would assume the same figure if all the seas and 
lakes were removed ; ; and it is therefore proba- 


tion of the — 


‘ CHAP; 


‘968 New Discoveries, t’c. in the Moon. 


ble, that the lunar cavities are either intended 


\ , for the reception of water, or that they are the 


Volcanoes 
in the 
Moon. 


beds of lakes and seas which have formerly ex- 
isted in that luminary. The circumstance of 
there being no water in the Moon is a strong 
confirmation of this theory. 

‘The deep caverns, and the broken irregular 
ground which appear in almost every part of the 
Moon’s surface, have induced several astrono- 
mers to believe, that these inequalities are of 
volcanic origin. This Opinion was first main- 


tained by Dr. Hooke, in his Micographia, and — 


was afterwards supported by Beccaria, Lichten- 


_ berg, and pinus, the latter of whom: published 


a memoir on this subject in 1781. The con- 
jectures of these astronomers have received no 
small confirmation; froma number of remark- 
able phenomena which have been seen in the 
dark part of the Moon in the course of the last 
century. During the annular eclipse of the 


Sun, which happened on the 24th June 1778, 


a very singular phenomenon was observed by 
Don Ulloa. Before the edge of the Sun’s disc 
emerged from that of the Moon, he observed 
near the north-west limb of the Moon a bright’ 
white spot, which he imagined. to be the light 
of the Sun shining through an opening in the. 
Moon. ‘This phenomenon continued about one 
minute and a quarter, and was noticed by three 


different observers. Beccaria observed a spot . 


similar to this in 1772, and imagined that it, as 
well as that perceived by Ulloa, were the flames _ 
of a burning mountain. Mr. Bode of Berlin 


also perceived a bright spot in the dark limb of 


the Moon. M. de Villeneuve and M. Nouet — 
saw a luminous point near the spot Heraclides — 
on the 22d May 1787, and on 1 the 13th March 
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1788. It resembled a small nebula, ora star CHAP. 
‘of the sixth magnitude, and seemed to wary 
considerably in the light which it emitted. This 
bright spot was again seen on the 8th of May 
by Mechain, who thought that it was the bril- 
liant point of the spot Aristarchus shining by 
the secondary light reflected from the Earth. 
A very brilliant spot was seen in the obscure 
part of the Moon on the 7th March 1794, by 
Mr. Wilkins of Norwich, and by Mr. Stretton 
in London. It appeared in the north-east part 
of the Moon’s disc, and continued visible for 
nearly five minutes. Phenomena of a similar 
kind have been observed by Dr. Herschel with 
his usual success. On the 4th May 1783, he 
perceived a luminous point in the obscure part 
of the Moon, and two mountains, which were 
formed from the 4th to the 13th May. In 1787, 
he perceived sunilar phenomena, which we shall 
describe in his own words. 

< April 19, 1787, 10h. 36’ Abad time. Volcanoes 
I perceive,” says Dr. Herschel, ‘ three volca- "ig ien 
noes in different places of the dark part of the Herschel. 
new Moon. ‘Two of them are either already 
nearly extinct, or otherwise in-a state of going 
to break out; which, perhaps, may be decided 
next lunation. The third shews an actual & 
eruption of fire, or luminous matter. I mea- 
sured the distance of the crater from the north- 
ern limb of ‘the Moon, and found it 3’ 57’.3 
Its light is much brighter than the nucleus‘of 
the comet which M. Mechain discovered at Pa- 
‘ris the 10th of this month. | 

« April 20, 1787, 10h. 2’ sidereal'time. The 
volcano burns with greater violence than last 
light. I believe its diameter cannot be less than 
3", by comparing it with that of the Georgian 


aon . 
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eHap. planet; as Jupiter was near at hand, I turned 


Iv. 


the telescope to his third satellite, and estimated 
~ the diameter of the burning part of the volcano 
to be equal to at least twice that of the satellite. 
Hence’ we may compute, that! the shining or 
burning matter must be above three miles in 
diameter. It is of an irregular round figure, 
and. very sharply defined on the edges. The 


other two volcanoes’ are much farther: towards 


the centre of the Moon, and resemble large, 
pretty faint nebula, that are gradually much 
brighter in the middle; but no well defined 
luminous spot can be discernedin them. These 
three spots are plainly to be distinguished from 
the rest of the marks upon the Moon ; for the 
reflection of the Sun’s rays from the Earth is, 
in its present situation, sufficiently bright, with 
a ten feet reflector, to shew the Moon’s spots, 


even the darkest of them; nor did I perceive 


-any similar phenomena last lunation,’ though I 


then viewed the same sles wich, the same in- 
strument. — : | 

“« The abneabitich of what zs have called the 
actual fire, or-eruption of a volcano, exactly 
resembled a small piece of, burning charcoal, 
when it is covered by a very thin coat of white 
ashes, which frequently adhere to it when it has - 
been some time.ignited ; and ut had a degree of 
brightness about as strong as that with which © 
such a coal would be seen to si iol in faint day- 
light. | 

“All the safacent vate of the: volcanic 


-mountain seemed to be faintly illuminated by 


the eruption, and were gradually more obscure 
as they lay at a greater distance: from the crater. 

“¢ This eruption resembled much that which 
I saw on the 4th of May, in the year 1783; 


Pay 
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an account of which, with many remarkable cHar. 
particulars relating to volcanic mountains in the _ a 
Moon, I shall take an early opportunity of com- 
municating to this society. It differed, however, 
considerably in magnitude and brightness ; ; for 

the yolcano of the year 1783, though much 
brighter than that which is now burning, was 

not nearly so large in the dimensions of its 
eruption. The former, seen in the telescope, 

- resembled a star of the fourth magnitude, as it 
appears to the natural eye; this, on the con- 
trary, shews a visible disk of luminous matter, 
very different from the sparkling brightness otf 
star-light,”” | 

The formation. of craters in ps: parts rormation 
of the Moon seems ‘also to indicate the existence of craters. 
of. volcanoes. With an excellent achromatic 
telescope, five feet long, and with an aperture 
of three inches and three-quarters, Dr. Olbers 
discovered in the Mare Crisium, between Picard 
and Auzout, two small craters inthe grey 
plain, which were both wanting in Schroeter’s 
‘Topographical Charts... Schroeter had .frequent- 
ly examined this part of the Moon with high 
magnifying - powers, under very favourable an- 
gles of illumination, but had never perceived 
the slightest trace of these craters. Schroeter 
at last perceived the largest of them, which was 
uncommonly deep in proportion to its breadth, 
and was surrounded with a broad annular eleva- 
tion of littie brightness. 

In order. to convey to the reader some idea 
of the lunar surface, we-have represented free. 
portions of it as drawn by Schroeter, i in Plate IV, fin tig 4, 
sup. fig. 4, 5; 6. Fig. 4 is the very brilljant5, 
spot called "Aristarchus, in the north-east’ qua- 
drant of the Moon’s surface. Fig. 5 represents 


a 
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7. the spot called Gassendi, in the south-east qua- 
drant of the Moon, the dark edge ab repre- 
senting the boundary between the illuminated — 
and obscure part of her disc. _ Fig. 6 is the spot 
called Hevelius, containing an annular cavity, 
and a broken elevation resembling an egg. 
The height of the lunar mountains, relative - 
to those in the Earth, Mercury and Venus is 
ued a shewn in fig. 7, where chose! in Venus appear to. 
up. fig. 7. 
be highest, and those of the Earth the lowest. 


Arguments ‘The existence of a jae anesphere has long 
gens: thebeen a fertile subject of dispute among _philo- 
a lunar at- Sophers. ‘The constant serenity of the Moon’s 
mosphere. surface, undisturbed by clouds or vapours, in- 


duced astronomers to believe that she was not 


surrounded with an atmosphere ; ; and this Opi- _ 


nion was confirmed by the brilliancy of light | 
retained by the fixed stars and planets, when 
they were nearly in contact with the limb of the 
Moon, and when their light must have passed 
through her atmosphere. M. De Fouchy, ina _ 
memoir upon this subject, endeavours to shew, 
that the duration of eclipses and occultations 
‘ought to be diminished by means of the re- 
fractive power of the Moon’s atmosphere; and 
if its horizontal refraction amounted to 8”, that 
there never could be a total eclipse of the Sun. i 
In the eclipse of that luminary which happened 
‘in 1724, total darkness continued 2’, 16/30 _ 
_ circumstance which Fouchy maintains could not 
‘possibly have happened, had the Moon been-en-. — 
_ circled even with the rarest atmosphere. These — 
arguments, however 3 ingenious they may be, are 
~ founded upon the‘supposition, that the data on 
which his iar! enon are * maide: are perlectly 
‘correct, . 


a 
ae 
“ 


ee 
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The appearance of the Moon’s limb, in CHAP. 
total and partial eclipses of the Sun, have sug-_._, 
gested numerous arguments for the existence 
ofa lunar atmosphere. In the year 1605, Kep- 
ler perceived that the Moon, in a solar eclipse, _ 
was surrounded with a luminous ring, which 
was most brilliant on the side nearest the Moon. © 
The same phenomenon was observed by Wolff 
in the total eclipse of May 1706. Captain 
Stanyan, who observed the same eclipse at Bern, 
perceived a blood red stredk of light immedi- 
ately before the emersion of the Sun’s limb, 
Fatio observed at Geneva the luminous ring 
round the Moon; and Dr. Scheuchzer describes 
the eclipse as appearing annular, in consequence 
of the refraction of the Sun’s light by the at- 
mosphere of the Moon. In the total eclipse of 
1715, Dr. Halley observed a diminution of 
brightness in the limb of the Sun, which was 
immerging before total darkness. The {sharp 
horns of the solar crescent were blunted at their — 
extremities during total darkness, and a ring of 
light encompassed the Moon. The ring was 
brightest near the body of the Moon, and 
flashes er coruscations of light seemed to dart . 
out on all sides from behind the Moon a little : 
before the emersion. About two seconds pre- 
ceding the emersion, a long narrow streak of 
dusky but strong red light seemed to colour the 
western limb of the Moon; but when the Sun 
appeared, the streak and the luminous ring in- 
stantly vanished. M. Louville observed the 
Same phenomena; and he describes the red. 
streak seen by Dr. Halley, as a piece of a circle 
of a lively red, which preceded the emersion of 
the Sun’s limb. sida ail 

In the eclipse of the Sun which happened on 

Fol. 1, ke dae 
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aye Cit 25th July 1748, when the uncovered. part 
‘ of the Sun resembled the Moon in her quadra- 
tures, the horns of the solar crescent were ob- 
served by Euler to be bent outwards beyond the~ 
circle, in which every other part of his disc was 
comprehended. When the eclipse became an- 
nular, the Sun’s disc was dilated beyond the 
- circle which formerly embraced it. ‘This dila- 
’ tation was also observed by M. Polack at Frank- 
fort upon the Daler and has been: estimated by 
Euler at 25”. | 
From observations. made upon the eclipse of 
the Sun in 1764, M. Du Sejour has demon. | 
strated, that the inflexion of the rays which 
passed by the Moon’s limb, amounted to 42”, 
and must, therefore, have arisen from the re-— 
fraction of her atmosphere. . i 
In the eclipse of 1778, in which the total 
darkness lasted four minutes, Ulloa observed — 
several singular appearances. ‘The ring of light 
about the Moon seemed to have a rapid circus 
lar motion. This light became more dazzling 
as the centre of the luminaries approached, and 
about the middle of the eclipse its breadth was 
about a sixth part of the Moon’s. diameter. 
Coruscations issued from it in all directions, 
and the light was reddish towards the Moon, a 
deep yellow towards the MERE, and pure white 
at its circumference. > 
Several experiments were rade with the chal . 
dows of globes by Maraldi and Fouchy, to shew | 
that the luminous ring might arise from another | 
cause than the Moon’s atmosphere. They | 
found that a ring of light, produced by the in- | 
flexion of the passing rays, surrounded the sha- | 
dows of all opaque globular bodies ; and they | 
considered this as a triumphant answer to the | 


fo 
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| preceding arguments in favour of a lunar atmo- 
sphere. ‘The answer seems to have been admit- 
ted by their opponents as satisfactory, and we 
do not know that its fallacy has ever been ex- 
posed. As the phenomena of inflexion are 
produced merely by the-surfaces of bodies, the 
breadth of the luminous ring, produced by the 


ae 


et 


inflexion of light passing by the head of a pin, 


will be as great as the luminous ring produced 
‘by the inflecting power of the Moon at the same 
distance, from both bodies. ‘The ring of light, 
therefore, surrounding | the Moon, will not ex- 
ceed the luminous ring which Maraldi and 
Fouchy observed around their globes of wood 
and stone, and, therefore, could not possibly 


subtend a sensible angle at the distance of that — 


duminary. 

The appearance of the stars and planets, 
when eclipsed by the Moon, furnishes us with 
additional proofs of the existence of a lunar at- 
mosphere. It was naturally expected by astro- 
nomers, that when the stars or planets came in- 
to contact with the Moon’s limbs, they ought to 
suffer a change in their colour, arising from the 
transmission of their light through the densest 
part of the Moon’s atmosphere. When we con- 
sider, however, that the lunar atmosphere, if 
its size were proportional. to that of the earth, 
could not subtend a greater angle than one se- 
cond, and that the emerging star moves through 
this space in two seconds, we are scarcely en- 
titled to expect any considerable change in its 
brilliancy. Besides, the visible limb of the 
Moon may be formed by mountains, and the 
denser. part. of her atmosphere may be below 


their summits; so that the remaining part of the 


atmosphere, which is alone visible to us, may 
$2 


CHAP. 


IV, 


Sup. ° 


Fig, A, 5. 
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not have sufficient density to deaden the light 


of the rpains star. Cassini remarks, that he 


frequently observed the circular figure of Jupi- 


ter, Saturn, and the fixed stars, changed into — 
- an elliptical one, when they approached either ~ 


the dark or the illuminated ‘limb of the Moon. 
In the occultation of Saturn, observed by Mr. 
Dunn on the 17th June 1762, the ring and the 
body of Saturn appeared evidently to be affect- 
ed by their proximity to the Moon, and had the 


appearance of a comet at the moment of emer-— 


sion. MM. le Monnier observed the star Alde- 
baran advanced as it were upon the illuminated 
disc of the Moon; \'but this must have been 
owing to some optical illusion. | : 


Notwithstanding the force of the preceding 
arguments, the complete discovery of the Moon’s - 
atmosphere was reserved for the celebrated M. — 
Schroeter of Lilienthal. This astronomer had 
frequently perceived, that the high ridges of the © 


lunar mountains Leibnitz and Doerfel, when in 
the dark hemisphere, were less illuminated in 
proportion to their distance from the boundary 


of light and darkness, and that the cusps were — 
also more faintly illummated than the other 

arts of the Moon’s disc. He likewise observ- 
_ed © several obscurations and returning serenity, | 


eruptions, and other changes in the lunar at- 


mosphere ;”” from which he was led to expect,, 
that a faint twilight might be perceived towards 


her cusps, as he had done in Venus. ; 
* By observing the Moon when her phases 


were extremely falcated, Schroeter at last disco. _ 
vered a faint glimmering light of a pyramidal — 
priate ti, form, extending from both cusps mto the dark | 
hemisphere, like bc, Figures 4 and 5. The great- | 
est breadth of this crespuscular light was 2” and | 
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its length 1’ 20”; from which Schroeter has cHApP. 
computed, that the breadth of the lunar twilight, 
from the terminator or boundary of light and * 
darkness, to where it losesitself in, and assumes 
the faint appearance of the light reflected from 
our earth, measures, in a direction perpendicu- 
lar to the terminator, 2° 34’ 25”; and, there- 
fore, that the inferior or more dense part of the 
Moon’s atmosphere is not more than 1500 Eng- 
lish feet high, and that the height of the atmo- 
sphere, where it could affect the brightness of a 
fixed star, or inflect thre solar rays, does not ex- 
ceed 5742 English feet. This space subtends 
at our earth only an angle of 0/7.94, which will 
be passed over by the star in less than 2” of 
time. The occultation of Jupiter on the 7th 
April 1792, was observed by Schroeter for the 
purpose of confirming the preceding discovery. 
Some of the satellites became indistinct at the 
limb of the Moon, while others did not suffer 
any change of colour. ‘The belts and spots of 
upiter appeared perfectly distinct when close to 
the limb of the Moon, anda small luminous 
spot, though by no means very perceptible, 
could be plainly distinguished when close to the 
Moon’s limb. _ | RN, te: 


When the Sun and Moon rise above the ho- on the 
rizon, or set below it, they generally appear magnitude 
much larger than they do when seen on therizontai 
meridian ; though it is certain that they subtend Moo. 

a smaller angle in the former case than in the 

latter, when measured with a micrometer. When 

the place A, Fig. 1, has the Moon P inits meri. xv 
dian, the Moon is evidently nearer by more than pig. 1. 


4000 miles, a semidiameter of the earth, than 
when the place has come round to B, and has 
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cHAP. the Moon in its horizon. The extraordinary 
'V- magnitude, therefore, of the Sun and. Moon in 
the horizon, must be the result of some optical 
illusion. In explaining this singular phenome- 

non, astronomers have satisfied themselves with 

saying, that the sky does not appear like a cir- 

Plate Iv, cular’ hemisphere M NOP, but like an oval 
Sup. fig & vault m nop; the part at the zenith o seeming 
to be much nearer the eye of the spectator at 

FE, than the horizon at m; and therefore that 

the horizontal Moortat m will be referred toa 


distance Em, and have the magnitude m, while. 


the Moon in the zenith will be referred to a 
distance Eo, and have the magnitude shewn at 


o. This explanation, however, only puts the 


difficulty a step farther off ; for the question still 
recurs, Why does the zenith 6 appear nearer rthe 
earth than the horizon O?> 

When we estimate the magnitude “ remote 


objects, our judgment is formed from compar-_ 
ing them with adjacent objects whose magnitude 


is known. Thus, if we saw a man standing up- 
on a rock in the middle of the sea, we may form 
a tolerably correct estimate of the size of the 
rock by comparing it with the man, ~whose size 
may be reckoned about five feet eight mches ; 
but if the rock is seen by itself, it is impossible 


to form any probable estimate of its magnitude. 


Hence a buoy seen at sea always appears much 
tess than it really is. The same thing happens 
with regard to the estimation of distances. When 


many objects intervene, the mind is enabled to 


form an estimate approaching to accuracy ; but 
at sea, where no objects intervene, the decep- 
| tion is enormous; and in like manner, in a mist 
objects appear nearer and larger from the 1 inter- 


vening objects being obscured or concealed, If — | 


i i a ee 


| | ig 
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an object is viewed ina horizontal line, or placed CHAP. 

on the surface of the earth, we are generally, i . 
enabled to form a pretty accurate notion of its 
magnitude, by comparing it with adjacent or in- 
tervening objects. ‘Thus the size of a ball placed 
before a house may be estimated by comparing 
it with the width of a window or a door, which 
is generally of a certain size; but if the ball is 
placed on the top of a spire, it is impossible to 
form a tolerable notion of its magnitude. To 
the writer of these remarks, the mosaic pavement 
in St. Paul’s appeared about one-fifth of its real 
size when seen from the top of the cupola; but 
as soon as a man passed over it, the comparison 
_ corrected this erroneous estimate, and the pave- 
‘ment seemed to increase in magnitude. For the 
same reason, the apparent size of the Moon 
when in the horizon is estimated by a compari- 
son with intervening objects; but when she is 
at a considerable height above the horizon, she 
diminishes in size like the ball on the top of a 
spire. In order to obtain an experimental proof 
of this explanation, we smoked the surface of 
a mirror to imitate the horizontal vapours, and 
when the Moon had a considerable altitude, we 
reflected her image from the mirror, so that she 
appeared ruddy, and near the horizon. In this 
case her size evidently increased, and when the 
horizontal Moon was reflected up to the zenith, 
her appdrent magnitude was diminished. For 
the same reason, when the image of the Moon 
was reflected upon an object near the eye, it ap- 
_ peared extremely small, and when the image 
‘was thrown upon a distant object, it became 

very large. ih ergs AC ila 

Mr. Ezekiel Walker endeavours to account 
for the magnitude of the horizontal Moon by 


ae 
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ween saying, that, on account of the diminution of 
the Moonlight i in the horizon, the pupil is more 
expanded than when the Moon is viewed at high 
altitudes, and that a larger i image is on this ace 
count formed upon the retina. This opinion is 
demonstrably erroneous; for though the dis- 
tance between two stars appears greater when 
they are in the horizon than in the zenith, it will 
not be maintained that the pupil is more ex- 
panded in the one case than mm the other. 
tationot While the Moon is performing her monthly 
the Moon. yevolution, she always presents the same side to 
the earth. This remarkable circumstance arises 
_ from her rotation about an axis in 29° 12°, the 
same time that she revolves round the earth; 
for if the Moon had no rotation upon an axis, 
she would exhibit every part of her surface to 
a spectator upon the earth. If the Moon A, 
Fig. 1, were always to keep the same side Av, 
to the earth at A, the line Av would not be car- 
ried parallel to itself; for when the Moon has 
reached G, the line Av will now have a posi- 
tion at right angles to 7s, the Moon having per- 
formed a quarter of a revolution round her axis. 

From observations upon the lunar spots, Cas- 
sini found that the Moon revolves round an axis 
inclined 88° 17’ to the ecliptic, and that the 
nodes of the Moon’s equator have the same 
position, and the same retrograde motion, as the 
nodes of the Moon’s orbit. 

The equality between the rotation and revolu- 
tion of the Moon, was ascribed by Newton to 
her having an oval form, one side of which was 
denser than the other. La Grange, however, 
has shewn, that though the Moon ought to be 
elevated at the equator, by the: diminution of 


Plate VIII 
Fig. 1. 


& 
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the centrifugal force; yet the elevation is four CHAP. 
-times as great in the direction of the diameter, ‘VY’ 
of the equator that points to the earth, in 
the same way as the waters of the earth are al- 
ways of a spheroidal form, the axis of the sphe- 
roid being directed to the Moon.- In conse- 
quence of the attraction of the earth upon this 
elevated portion, La Grange has shewn, that 
the velocity of the Moon’s motion is sometimes 
~ accelerated and sometimes retarded; and that 
the tendency of this attraction is to produce an 
equality between the rotation and revolution of 
the Moon, even if they had been different, and 
to occasion a coincidence both in the position and. 
motion of the nodes of the lunar equator and 
the lunar orbit. La Place supposes, that the 
high mountains of the Moon will have an influ- 
ence upon these-phenomena, and that this effect 
will be greater in proportion to the smallness of 
the compression at the lunar poles, and the 
snfllness of her mass. — : 


* If we examine with attention the disc of the On the ti- 
“Moon, we shall sometimes observe the spots on brat" of 
her eastern limb, which were formerly visible, 
concealed behind her disc, while others appear 

on her western limb which were not seen be- 

fore. The spots which appear on her western 

limb withdraw themselves behind the limb, while 

the spots which were concealed behind the east- 

ern limb again appear. ‘The very same pheno- 

mena are observed in the north and south limb 

of the Moon, so that the spots sometimes change 

their position about three minutes on the Moon’s 

disc. “This phenomenon is called the libration of - 
the.Moon ; which is of four different kinds, the 
diurnal libration, the libration in longitude, the 


a P. 


Diurnal li- 
bration. 
Plate V, 
Fig. 2, 


282 New Discoveries, ae in the Moons 


libration in latitude, and the libration arising 
from the action of the earth on the lunar sphe- 
roid: ‘The two first’ of these were noticed by 
Galileo, the third by peiibGnt and ne fourth 
by La Grange. 
vf the disc of the Moon; stipposédl to ie at S, 

in Fig. 2, of Plate V, is examined by persons 
situated at VI and XII, to the former of whom 
she appears in the horizon, and to the latter in 


. the meridian, it is manifest that the person: at 


VI will see a small portion of the Moon’s north 
limb which the person at XII cannot perceive, 
and that the person at XII will see a portion of 
the Moon’s southern limb which’ is concealed 
from the spectator at VI. But when the spec- 
tator at VI is carried by the earth’s’ rotation 


into the position XI, or when the Moon comes 


to his meridian, he will lose sight of the part 
of the Moon’s north limb which he formerly 
saw; and the part of the Moon’s south limb, 
formerly concealed from him, will come ihto 
view. While heis carried from XII to VI, or 


- when the Moon moves from his meridian to his 


Libration 


* in longi- 


tude. 


horizon, he will perceive more and more of the 
Moon’s south limb, and lose more and more of 
her north limb. These phenomena will be re- 
peated every day; and the diurnal libration which 
is thus produced, will be proportional to the. 
Moon’s parallax in altitude. : 

The libration of the Moon in longitude arises 
from the inequalities of her motion round the 
earth, combined with the uniformity of her mo- 
tion round her axis. If the Moon moved uni- 
formly in a circle round the earth in its centre, 


_she would always turn the same face to: the 
~ earth, and there would’be no hbration in longt-. 


tude, the same spots appearing always at the 


‘- 
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borders of her eastern and western limb; or, 
what is the same thing, if the Moon moves un- 
equally round her axis, and unequally in her 
orbit, the inequalities varying in the same man- 
ner, there would be no libration in longitude. 
But as the Moon moves unequally in an elliptic 
orbit round the earth, placed in one of the foci, 
while she moves’ equally round her axis, she 
cannot present exactly the same face to the earth. 
For since the two revolutions are performed ex 
actly in the same time, the Moon will have per- 


CHAP. 
Ivy. 


formed more than one-twentieth, or any other 


part of her monthly revolution, when her mo- 
tion is the quickest, in the time that she has 
performed one-twentieth of her revolution about 


her axis; so that the earth has, as it were, got 


behind the Moon’s eastern limb, and sees a part 
of it which was not visible before. In the same 
manner, when the Moon is near her perigee, 
where her motion is slowest, she will perform 
less than one-twentieth part of her monthly re- 
' volution in the same time that she performs 

-one-twentieth part of her rotatory motion; so 
that the earth will, as it were, be left behind, 
and get a view of the part of her western limb 
that was formerly concealed. The greatest li- 


bration in longitude happens when the Crisian’ 


sea-is distant about three-fourths of its width 
from the western limb of the Moon. 

‘The libration of the Moon in latitude arises 
from the inclination of her axis 88°.17’ to the 
ecliptic in which the earth is placed. Had her 
axis been exactly perpendicular to the ecliptic, 
this libration would have vanished. During one- 


half of her monthly revolution, the Moon’s. 


axis forms an acute angle with the radius vector, 
or line joining the earth and Moon, varying be- 


Libration 
in latitudes 


aa be , 
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CHAP. tween 88° 17’ and 90°, and, consequently, the 
Y- north pole of the Moon, and, the adjacent parts, 
comes into view, and the south pole is conceal- 
ed ; but, during the other half of her revolu- 
tion, her axis forms an obtuse angle with the 
line j joining the earth and Moon, varying from) 
90° to 91° 43; and. therefore the north pole of 
the Moon, and the adjacent parts of her north 
limb, are withdrawn from the earth, while the 
south pole comes into view. . 

Spheroidal "These three kinds of libration are merely op- 
" tical, and do not affect the real rotation of the 
Moon. The fourth species, however, produces 
a little inequality in: her rotation, as it arises 
from a small oscillation of the Moon about an 
axis perpendicular to the radius vector, pro- 
duced by the action of the earth on. the elevat- 

ed parts of the lunar spheroid. - 


‘ae 


CHAP. V. — 
On cae ash 


- "Tue subject of eclipses has been already cnar. v. 
treated by Mr. Ferguson, in the 18th and 19th ah aint 
chapters of the first volume, at so great length, “ahaa 
and with so much perspicuity, that we have no 
occasion to dwell any longer on that interesting 

part of astronomy. As the catalogues of 
eclipses, which are contained in the 18th chap- 

ter, extend no farther than the year 1800, we 

shall, in some measure, render them more com- 

plete, by presenting the reader with a catalogue 

of all thé solar eclipses from the year 1769 

till the year 1900. This catalogue, which we | 
have abridged from the French of M. Du Vau- 

cel in the Memoires des Savans Etrangers, was 
calculated from the tables of Mayer for the 
meridian of Paris, in order to gratify the French 

king, who was anxious to know if a total or 
annular eclipse would soon happen. It will ap- 
‘pear, from the catalogue, that the only annular 
eclipse in the 19th century, will take place on 

the 9th October set 


BY 


986 'Echpses. 


\ June 4, 1760. 
Time of conjunction, - gh 


Moon’s latitude then, = Q- 
Beginning of the eclipse, 6 
Middle of the eclipse. |. 7 
End of the eclipse, PT pe 8 
Digits eclipsed,  - ~ 5° 
March 23, 1773. 
Time of conjunction, - ° 5h 
Moon’s latitude, - 2 
Sun rises eclipsed, « 5 
Digits eclipsed then, «= 1° 
End of the eclipse, - 5h 
: © January 9, 1777. | 
Time of conjunction, .- 34 
Moon’s latitude then, rs eiat te 8 
Beginning of the eclipse, 4h 
. Sun setseclipsed, == at ay 


Digits eclipsed, - = 1° 


June 24, 1778. 
Time of conjunction, = 3h 
Moon’s latitude then, - 0 
Beginning of the eclipse, 3 
Middle of the eclipse, = 
End of the eclipse, . 5 

Digits eclipsed, . - = @ 


‘Time of conjunction, - 9g 


Moon’s latitude then, Bs pile kg 


Beginning of the eclipse, © 7h 
Middle of the eclipse, = 8 
Endoftheeclips, - Q- 


Digits eclipsed, - Ze 


April 23,1781. _ 
"Time of ra li at eas 
Moon’s latitudethen, - 0 


Beginning of the eclipse, . 6h 
Sun sets eclipsed, : O74 


Digits eclipsed, SILO 


i‘ 


if 


* 5S). 


23” M, 
45 N. 
o M. 
30 

O 

‘a 
28” M. 
17 IN.) 
oO 

(9) 

O. 

85” E. 
25 N. 
30° E. 
0 

re) 
38°F. 
56 oN 
8 E 
20 
4073 
o- 
59” M, 
ATS WINS: 
20 M. 
AO 

45 

oO 
39” E. 
40 8S. 
45 ] 
34: 

Oo 
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October 17, 1781. 
‘Time af conjunction, . gh 20’ 49’ M. 
_ Moon’s latitude then, - Oo. . ae 
Beginning of the. eclipse,” 1 overs amma Wile 
Middle of the eclipse, > 7 55 Got 
End of the eclipse, —- = 8 .34 Oo 
Digits eclipsed, : 40 8 B. 
April 12, 1782. 
Time of conjunction, —- Bhan Drv, 
Moon’s latitude then, ° « O 9137 10 V7 HE 
Berinning of the rep Gi 2Q grr Es 
Sun sets, 69% AS 1° Os) 
Digits eclipsed, - Di BES WO 
January 19, MELE | 
‘Time of conjunction, = =_ 50’ 0” M, 
Moon’s latitude then, ae x 21 49 N, 
Beginning of the eclipse, gh 50 O M, 
Middle of the eclipse, - 10 44 O 
End of the eclipse, a, Mita 26 30 
Digits eclipsed, ° 2° 22 © 
June 15, ben 
Time of conjunction, =» 2’ 48” E. 
Moon’s latitude then, - ve O° 6 N. 
Beginning of the eclipse, AIST SOE, 
Middle of the eclipse, oe 4 Ae 
End of the eclipse, - 36 ToS AB 
mee eclipsed, bore ath a gE ee HD 
, June 4, 1788. 
‘Time of coniuaesion, -  §h 53’ 47” M, 
Moon’ 8. latitudethen, + O°. 15” 21. N. 
Beginping of the eclipse, | ys mas 0 Ue 
Middle of the eclipse, mod wee 05 anion) 
End of the eclipse, 2 BE BO <0 
Digits eclipsed, * 4° 51 @Q 
: April 3, 1791. ‘ | 
- Moon’s latitude, 0° 44’ 50’N. 
Beginning of the eclipse, ai 45. O Noon. 
Middle of the eclipse, = RS ABO OO 
End of the eclipse, ~ + 3 31 «0 
Digits eclipsed, = 7 Rag iD 


i? 
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September 16, 1792. ~— 
Time of conjunction, - gh 28’ 287M. | 
Moon's latitude then, - O° JI 12 S. 
Beginning of the eclipse, § 7 44 Oo M. 
Middle of the eclipsep - 7 57 O 
End of the eclipse, - STZ 
Digits eclipsed, - f° Tet 


September 5, 1793. 
Time of conjunction, - 12h 1 |. 9! Noon. 
Moon’s latitude then, =F OP), Ali el 19. ee 
Beginning of the eclipse,. 9 50 10 M. 
Middle of the eclipse, e-pikh 2b 60 
End of the eclipse, ae 1 2ihs5: Orn BSs 
Digits eclipsed, is 8° .50°% 0; 


| January 31, 1704. 

Time of conjunction, - 11h 32’ 57”™M. | 
Moon’s latitude then, a TIO ie ieee 
Beginning of the eclipse, 11h 10 O M. 
Middle of theeclipse, - 12 3 O Noon. 
End of the eclipse, «iy SE apee Oee 
Digits eclipsed, - 2° 43 oO 


June 24, 1797. 
Time of conjunction, _ - 4h 32’ 40” FE. 
Moon’s latitude then, - id Of) 18 Ne 


Beginning of the eclipse, 465 59 OE. 
Middle of the eclipse. - 5 40 O 
End of the eclipse, -- 6.925..1%0 
Digits eclipsed, - 4° Q Qj 


August 28, 1802. 
Time of conjunction, — - yh 7’ 637" M. 
Moon’s latitude then, - o° 41 10 N. 
Beginning of the eclipée, “5h 10 O M. 

_ Middle of theeclipse,.  - GO. 21. ee. 
End of the eclipse, . Go). 4°" ae 
Digits eclipsed, ~ 49° 5 @O 


August 17, 1803. 
Time of conjunction, = tisha: 247 oe as 
Moon’s latitude then,  - 0° 0. 51-8. 
. Beginning of the eclipse, | 5h 57. OM, 
Middle of the eclipse, - 6 46 O 
End of the eclipse, ; - 9 Go PO 
Digits eclipsed, mM NBD ogee Aare 


? 


ey 


i 
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February 11, 1804. 
h 


Beginning of the eclipse, 


Middle of the eclipse. - 5 


End of the eclipse, a “gh 
Digits eclipsed, =" 3° 


Noveméer. 20, 1807. 
2h 


. Time of conjunction, © - 1 
Moon’s latitude then, 2 0° 
Beginning of the eclipse, 10h 
‘Middle of the eclipse, ii 
End of the eclipse, = = 12 
Digits eclipsed, ° 3° 


February 1, 1813. 
Time of conjunction, - 8h 


Moon’s latitude then, at OM 
Sun rises eclipsed, ‘ oh 
Middle of the eclipse, - 8 
. End of the eclipse, - 9 
Digits eclipsed, - : 


July I 7s 1814. 
6h 


Beginning of the eclipsé,’~ 8h, 
“Middle of theeclipse, = ° 9 


End of the eclipse, - 10 


7. 


Digits eclipsed, * == 


Pol. EI, cee 


_ ‘Time of conjunction, - 4 
Moon’s latitude then, - 0° 
. Beginning of the eclipse, 10h 
Middle of the eclipse, a Ag 
“ End of the eclipse, =, (oe 
Digits eclipsed, - 9° 
June 16, 1806. 
Time of conjunction, oo bey: 
Moon’s latitude theny = - e 
4 


Time of conjunction, —- 
Moon’s latitude then, =i O° 
inning of the eclipse,’ gh 
the eclipse, = 6. 
i Sle, 
Digits echpsed, - 0° 
. . November 19, 1816. ~~ 
Time of conjunction, - 104 
Moon’s latitude then, = 0° 


990 


png 
sag 
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May 5, 1818. | | 
gh 387 10/7 M. 


Time of conjunction, -— © 7h 

Moon's latitude then, - 0° 30 32 N. 
Beginning of the eclipse, ia $0 .M. 
Middle of the eclipse, - G6 55 O 
Endof the eclipse. - - 7 55 O 
Digits eclipsed, ates RE iD 


September 7, 1820. . 
Time of conjunction, ~ dh 55’ 15 EF, 
Moon’s latitude then, --. 0° 44 43 N. 


Beginning of the eclipse, 24h 38,108 
Middle of the eclipse, = 2 (5G O 
End of the eclipse, =. Sho Miwa 

0 


Digits eclipsed, - 10° 38 — 


July 8, 1823, 
Time of conjunction, .—- 6h 50’ 36” M. 
Moon’s latitudethen, -~ 1¢ 8 50 


The Sun and Moon will be in contact 15h 40’ M. at 


fe 


Paris, but the Sun-will be eclipsed to places at a greater 
distance from the equator. : | 


“ x 


November 20, 1826. 

Time of conjunction, —- jth 42’ 147M. 
Moon’s latitude then, re Side Wy Aa UR 
Beginning of the eclipse, 10h 5 Mae 
Middle of the eclipse, wey hb | O- 


End of the eclipse, = ae 21 #0 

Digits eclipsed, - mo 34 0 
July 27, 1832s 

Time of conjunction, — 2h 

Moon’s latitude then, ~ 


Beginning of the eclipse, 
Middle of the eclipse, = 
End of the eclipse, = 
Digits eclipsed, = 


July 17, 1833. 
Time of conjunction, me Pe OO! Os Me 
Moon’s latitude then, “ 
Beginning of the eclipse, _ 
Middle of the eclipse, = 
End of the eclipse, > 2 
Digits eclipsed, = = 


a 
4 
q 
| 
a 


Oe a 


= 


‘ 
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Eclipses. 
May 15, 1836. 


Time of conjunction, = 2h Of” 
Moon’s latitude then, oe O° 36 
Beginning of the eclipse, | rh 40 
Middle of the eclipse. - 3 12 
End of the eclipse, a 
Digitseclipsed, = = g° 40 
; July 18, 1841. 
Time of conjunction, - 1 MER I 
Moon’s latitude then, = 1° 13 
Beginning of the eclipse, ae | 
Middle of the eclipse, rw S hi 
End of the eclipse, - BS Wie 
Digits eclipsed, ~ 0° 30 
VJuly 8, 1842. 
Time of conjunction, — 7p. Sep) bi A 
Moon’s latitude then, \ = O° 27 
Beginning of the eclipse, 5b OO 
Middle of the eclipse, = 5 64 
End’of the eclipse, -~ 6 62 
Digits eclipsed, - 109 ¢ 
Peal, | May 6, 1845. : 
_ ‘Time of conjunction, - 10h @ 
~ Moon’s latitudethen, = 0° 54 
Beginning of the eclipse, gh 24 
Middle of the eclipse, - 9g 40 
End of the-eclipse, - 10 . 43 
Digits eclipsed, ~ Too Tk 
“ta a P April 255 1846. 
"Time of conjunction, —- 52 
Moon’s latitude then, mt he ad 
Beginning of the eclipse, 5h 42 
Middle ofthe eclipse, = 6 30 
Digits eclipsed then, = 3°. 42 
Digits eclipsed at sunset, QO 30 
‘October 9, 1847. : 
Time of conjunction, ae 2 OR /oQgl 
Moon’s latitude then, ~ 0° 31 
Beginning of the eclipse, 6h 27° — 
Middle the eclipse; = ~ 42 
End of the eclipse.  “~= 9 3 
Digits eclipsed, =» = 11° 30 
| T 2 


=~ 
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cooobo 
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Distance of Centres 


- vad 


~~. 


ors 


aw 7 


At the middle of the eclipse, 0° © 0’. 10” 
Distance of the south limbs, 0 1.) 24 
Distance of the north limbs, » 0) 1:4 
This i will be annular. | | 
July 28, 1851. * ’ 
Time of'conjunction, -— 3b 48’ 5” E, 
Moon’s latitude then, an OO. AZ) aS 
Beginning of the eclipse, 2h 14° 0 E. 
Middle of the eclipse,” — x Maal x up id & 
End of the eclipse, ae eG 
Digits eclipsed, ibaa cs eh: <P 
May 15, 1858. 
Time of conjunction, — 2h 15’ 6/7 
Moon’s latitudethen,. -— .. 0° 38. 13 N, 
Beginning of the eclipse, 11h 39 0 M. 
_ Middle of the eclipse, = AS gO iii Oxoae, 
End of the eclipse, . =. 2 .22..0°7 
Digits cone? | a 10° 45 0 
| / July 28, 1860. 3 
Time of conjunction, ~ OL Ey 21” E. 
Moon’s latitudethen, ~ O° 31 45 N. 
- Beginning of the eclipse, wh 55° 0" 
Middle of the eclipse. -- (3 '5'°''O Ee 
End of the eclipse, ~ ae 5 NOM 
Digits eclipsed, ra eg 327 tO" 
December 31, 1861. 
Time of conjunction, « —. 1) 56’ 28” B. 
Moon’s latitude then,”  -—: 0° 30 43 'N. 
‘ Beginning of the eclifise, sett ames sas 52 (yeaaes 
Middle of the eclipse, “=. 35 "4 -Q 
Digits eclipsed, “mx CA GGO SERN 9: >: 
Digits eclipsed at sunset, © «OO Senay ‘oO ed 
May 175 1863, 
‘Time of conjunction; .» =' (phi dh 93", 
‘Moon’s latitude then, . = 4, 0°, 58,4) 5. UN. 
Beginning of the eclipse, . ./ 64,0) (0. E. 
Middle of the eclipse, ; ss 146 O0 
End of the eclipse,, . =... 17 ees A Dsiik 
aie sp iin fm eB To SBT) BOGE 


Eclipses. 


gh: 


y _ - October 19, 1865. 
“Time of conjunction, = Ah 
Moon’s latitude then, ag 0° 
Beginning of the eclipse, 4h 
Digits eclipsed, - 5% 
WU we 
October 8, 1866. 
Time of conjunction, — 6h 
Moon’s latitude then, = id 
Beginning of the eclipse, 5h 
Sun sets, = os abit fe 
Digits eclipsed, = 3° 
7 o  (farch 6, 1867." 
Time of conjunction, - gh 
Moon’s latitude then, - - 0° 
Beginning.of the eclipse. ah 
Middle of the eclipse, = 9 
End of the eclipse, —~ « 10 
Digits eclipsed, - 9° 
6 . February.23, 1868. 
Time of conjunction, . 
~ Moon’s latitude then, ~_ O24 
Beginning of the eclipse, gh 
Middle of the eclipse, .. - 3 
End of the eclipse, - 4 
Digits eclipsed, - 0° 
"~ December 22, 1870. 
Time of conjunction, -— 12h 
Moon’s latitude then, = 0° 
Beginning of the eclipse, ih 
Middle of the eclipse, - 12 
End of the eclipse, ~ 2 
Digits eclipsed, - 10°. 
May 26, 1873. 
Time of conjunction, pa gh 
Moon’s latitude then, = 1? 
Beginning of the eclipse, 7h 
Middle of theeclipse, - 8 
End of the eclipse, ares ae 
Digits eclipsed, = 34 


12” E. 
5Ov. bee 
ac Che ea 
8) 
46” E. 
42 N. 
ay 0 ee 
O 
O 
a1" M. 
48 N. 
o M. 
8) 
a) 
O 
oy age oe 
12 N. 
Oo EE. 
O ; 
Oo 
O 
91" 
lg N. 
0 M'! 
re) 
0 E. 
O 
30” M. 
56 N, 
Oo M. 
Oe! 
0 
6 
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“’ 


Octoler 105 BE 
‘Timé of conjunction, — 


Moon’s latitude then, 


- Beginning of the eclipse, 


x 


Middle of the eclipse, 
End of the eclipse, 
Digits eclipsed, 


Ee id, 


September 29, Bak 


Time of conjunction, 
Moon’s latitude then, 


Beginning of the eclipse, 


Middle of the eclipse, 
End of the eclipse, 
Digits Sadie | 


\ 
=< 


4 
j1h 
12 

I 


‘July 19, 1879. 


Time of conjunction, — 


Moon’s latitude then, 


va 
s 


Beginning of the eclipse, 


Middle of the eclipse, 
End of the eclipse, 
Digits eclipsed, «= 


_ December 31, 1880. 


‘Time of conjunction, 
Moon’s latitude then, 


Beginning of the eclipse, 


Middle of the eclipse, 
End of the eclipse, 
Digits eclipsed, 


oh 
1° 


jh 


May 17, 1882. 


‘Time of conjunction, 


Moon’s latitude then, 
Beginning of the eclipse, 


Middle of the eclipse, 
End of the eclipses 
Digits eclipsed, 


a= 


= 


August 19, siti 


Time of conjiinction, 


} Moon’ s latitude then, 


Sun rises eclipsed, . 
Digits eclipsed, 
End of the eclipse, 


a 


oa 


§h 


4 


Time of conjun 


‘Moon’s latitude then, 


Eclipses. 


June 17, 1890" 


ction, 


Beginning of the eclipse, 


Middle of the eclipse, 


End of the eclipse, 


Digits eclipsed, 


Time of conjun 


19h 
0° 
8 
9 

10 
5° 


June 6, 1891. | 


ction, 


Meon’s latitude then, 
Beginning of the eclipse, 


Middle of the eclipse, 


End of the eclipse, 
Digits eclipsed, 


Moon’s latitude 


March 26, 1895. 


Time of conjunction, 


then, 


\ 
= 


Beginning of the eclipse, . 


Middle of the eclipse, 


End of the eclipse, 


Digits eclipsed, 


Moon’s latitude 


-4oh 


August 9, 1890. 
Time of conjunction, 


then, 


Sun rises eclipsed, 


Digits eclipsed, 


End of the eclipse, 


a 


Time of conjunction, 
Moon’s latitude then, 


~ 


June 8, 1899.° 


Beginning of the eclipse, 


Middle of the eclipse, 


End of the eclipse, 


Digits eclipsed, 


Time of conjun 
Moon’s latitude 


6h 


May 28, 1900. 


ction, 
then, 


Beginning of the eclipse, 


Middle of the eclipse, 


End of the eclipse, 


Digits eclipsed, 


2S 
° 


3h 


AN 


ee 
ant 


5 
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On Occultations. — 


Dorie the monthly motion; of the Moon 
from west to east, in the Heavens, she must ap- 
pear to an inhabitant of the Earth to pass over 
such of the fixed stars as lie nedr her apparent 
path. The star which the Moon thus conceals 
from the Earth is said to suffer an occulta- 
tion, or an eclipse. As the Moon’s orbit is 
inclined to the ecliptic, and as the line of her 
nodes is constantly shifting, her apparent path 
‘in the Heavens. is subject to perpetual change ; 
so that all those stars may suffer _an occultation 
which are contained in a zone of the Heavens, 
extending, on each side of the ecliptic, to the 
distance of the greatest latitude of the Moon’s 


CHAP. 
Vi. 


Neeser yaoncen 


limb, as seen from the Earth. ‘This zone is 


about 13° 12’ broad; and hence all those stars, 
whose latitudes do not exceed 6° 36’ may suffer 
an occultation to.the inhabitants of some parts 
of the Earth. All the stars situated within a 
zone 9° 4/ broad, or whose latitudes do not ex- 
ceed 4° 32’, may suffer an occultation to the in- 
habitants of any part of the Earth. ‘The most 
~ remarkable stars that lie within the broadest of 
these zones, with their longitudes and latitudes 
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CHAP. for 1820, according to the accurate observations 


ies Pid of Bradley and Maskelyne, are contained in the 
sai) following Table. 


- Longitude. | Latitude.: Mag. 


é Aries, . EE) L807 "1G' (5578 Ae eon A. 
a Mt WiQv a Qe ea hows 36 N. 3 
y Taurus, 2 PAZ FESS. 45-80 SHS 
¢ "Taurus, 2) 8 56, 48/2) 35. 87 See. 
e ‘Taurus, or ky 
priteiand 2 7.16 23 5 28 46 5. 4 
& ‘Taurus, 2 20° 3 48 5.21) 590M. 2 
€ Taurus, 2) 22 16 OF) Bas. Domes ies 
4 Gemini, 3 0 55 48 0 55. 4 8S -4.5 
we Gemini, BQ a7 FSO 508) 34 OR SS. 
y Gemini, S35 BG) 146 C1 Ss aad 
¢ Gemini, B57 2S) 4 BM DG Ne By 
@ Gemini, BAG O 40). Of: 19, Re Gu 3") 
pete oa 3 20 43 45 6 40 19 N. 2 
xy Cancer, 4008 206d 88 ore 228m iat 
@ Cancer, 4) GF) 12), 20.40.45 4 8 TN pa 
z Leo, Be EQ ais BOI BP I) Bn aaa 4 
& Leo, Ara) ae AQ is” 46 °° Po ee 
y Leo, 4°25 123 94 4.51 gQ NooOgA 
phir 5 tii 4 27 19 38 0 27 38°\N. 1 
¢ Leo, 5 3) 52 36,0. 8 26% Nw. 4. 
* Leo, of FS)! SO": 38° Or) Ba tae. ae 
2 Leo, 5°21 32 42 3° ZO 5b 8) «& 
B&B Virgoy 5 24 35.58 O 4) 35 Nios. 
¢ Virgo, GeO SE 01 Rel AK ao NT, 4.3 
% Virgo, UG ABR i? fi Wn 14 hak Ahan 
y. Virgos 6 7-39 53-23-48 +87“ Ni 3 
seh ag to ge ed Sd Ha a be agg 
pias x GR 
. & Libres, 7,12... 34. 40° 0:21 48. N, ee 
t,+ Libre, CLOGS Li AQ) a ae 4.3 
y Libre, fF 2 SP -I0 (ae OE AR NL Ga 
® Libra, OZ SO GO ie RRS, Ny ive : 
», Libre, (Ft MB AA SE Oe oe A ae te 
@ Libre, i ies ARON, 28 Se eeO 2A Ny ° 4. : 
5 i 6: aanadaly Mil 9 abil aah attas vid » Yo Goal x Paleldle dhe 
do Scorpio, ' 8 O 3 39 1-57 17 Slows. 
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oy Longitude. Latitude. Mag. 

x Scorpio, BF 109 95% 400 5 9G! 15" Sons 
B Scorpio, Se: AO 4 Ea os: Nee 
» Scorpio, SEN QS IB ANTES | Sais B/S: Ne 
¢ Scorpio, 8 5 17 24 4 0 235, .5 
« Scorpio, Be ABO AMA? 28 eis OE: 
z Scorpio, BF 8. SO rae Oy caer OU ie ee a 
y Sagittarius, 8 28 45 14 6 56 48 S. (3 
1. Sagittarius, 9 O 42 9 2 22 24 N. 4 
A Sagittarius O58! 458 (42: D0 5) ay) Bis 
Q Sarittamng Org 60,80) 2a) Bonn 22. - oak & 
« Sagittarius, 9. 90, 52.28 3 24°55 "SS... 4.3 
euSgeteatins, 9 O Laer AG AY ages) Oe 
o Sagittarius, 9 12 28 47 0 53 36 N. 4 
- Sagittariva, «) Qi ok3 44.032; 1,028. 7 .Nb...4 
&, Capricorn, JO 1 82°) Git 36. 46. N.. 3° 
s Capricorn, , 10°17" 41. 11 4.57 81-°5e 4 
y Capricorn, : 

or DenebyS 110). 19:) 160 A BBD. Oo Suc 4 

Algedi,. t | ' 
‘é-Cannicom, 10, 2) 1°16) 2 as 40; Sag 
¢ Aquarius 10 26 12 28 2 3 47 S. 4 
: ca 8 ee 0 44 53 2 43 22 N. 4 
pe Aquariva, ) oth Qe) F153, O -22 86S.) 4." 
er evguative,, 14.14 87 SO Wet oF Ga 5 

Pisces, OTM S8" 2r ae Oo 44 ON 4 
& Pisces, — @. 415° F 36.2 Sar Ne 4 
f Pisces, O17 63). 1365018 dk, Se) 4 


In order to find the time when the Moor will 
eclipse any of the stars in the preceding cata- 
logue, or any others which lie within the zone 
already mentioned, we must find the time when 
the moon is in conjunction with the star, or 
when the longitude of the Moon is the same as 
the longitude of the star. If the conjunction 
thus found, happen at a time of the night when 


CHAP; 
Vi. 


the star is visible, or within two hours of it, ~ 


_ the occultation, if other circumstances render 
it one, will be visible.’ In order to find whe- 
ther the Moon will pass above or below the 
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CHAP. star, or over it so as-to produce an occulta- 


tion, we must compute her parallax in latitude, 


which, subtracted from the Moon’s true lati-. 
tude, fe it is north, and added to it, if it is south, 


will give her apparent latitude, as seen from 
the surface of the Earth, at the given place. 
If the difference between the Moon’s apparent 
latitude thus found, and the latitude of the star, 
‘does not exceed the Moon’s semi-diameter, she 


will pass over the star, and produce an occulta- 


tion. When this difference exceeds the Moon’s 


semi-diameter, and when the latitude of the star’ 


is less than that of the Moon, then the Moon 


will pass above the star, if her latitude is north, 


and below it, if her latitude is south ; but Eth 


the star’s iadeade is greater — than ‘tHe of the. 


Moon, she will pass below it, when’ her lati- 


fat 


tude is north, and above it sitea: her latitude 1 ce 


south. As the calculation of the parallax of 
latitude is a tedious operation, we shall subjoin — 


the following Tables, suited to the latitude of 


51° 32/, and computed with great labour, for. 
every second degree of the right ascension of. 


the Mid-heaven, which is one of the arguments 

for taking out the Moon’s parallax in latitude, 

her horizontal parallax being the Osher argu 
ment. 


The right ascension of the. ‘Mid. oe is . 


equal to:the Sun’s right ascension in degrees, 
added to the distance of the given time from 


the preceding noon, converted into degrees, &c.. 
by the Table in volume I, page 157... The me-. 


thod of finding the parallax of latitude from 


the following ‘Tables will be understood by an. 


example. 
Let it be required to find the Moon’s paral- 
lax of latitude at London on the 16th Decem- 
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ber 1812, at 104 15’ apparent time, the Moon’s CHAP. 
horizontal parallax peng 60’ 32”. Bae: be ~ 


Digee from the preceding noon, 10h 1.5’; 
conyérted into time by the Table in vo- 


lume I, p. 157, - - 153°. AS), OF 
Sun’ $ right ascension then, ~~ = 264 55 30. 
he | 418 40 30 
Subtract 12 signs, — “pe denatiats BP. ‘360;:...6. 0 


Right ascension of the Mid-heaven North, 58 40 30 


When the sum is above 360, as in the pre- 
ceding example, subtract 360 Fran it, and the 
result will be the right ascension of the Mid- 
heaven, for entering the Table, and taking out 
the parallax in latitude. If the sum is between 

90° and 180, subtract it from 180°; if it ts be- 
tween 180 and 270, subtract 180° from it; and 
if it is between 270 and 360,) subtract it "from 
3600, Lian 

The Hane ascension of the Mid-heaven being 
58° 40’ north, enter Table I, and with 58° 40’ 
at the side, and the Moon’s horizontal parallax, 

60’ 32” peat the top, the parallax in latitude 
willbe found to be '30" 28") 08 


Uy 
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aye |TABLE TI, containing the Moon? 5 
Saad ich sien: Porat in Latitude, to every se 
of ghouminds | Kcone degree of the Right Asiaa 
inl a of the Mid- heaven, for lat. 51° gs 


Moon’s Horizontal. Parallax. 


NORTH, 
or less than 180} 


degrees. 54! % 59” 58” 
LUT y Ry ere rir am 
0 89 29 41 39 
ae 39 15 41 24 
2 BO rd aT 9 
Ee 38 34/39. 40 41 
Be fag a 38 40. Gg 
g 137 36 39 39 

10 a7 30. 9) 

12 36 39 88 40 

es fh BE ta 38 il 

16 135 44}. 37 41 

18 35 16 37 4S 

20 34 49 36 44 

22 134.23 “86 46 

Bie dill SAB 35 47 

26 33 30 35 21 

98.7188 Me 34 54 

30 32 39 34 27 
30 32 16 34 2 

34 34. 52 33 37 

36 31 20 33 12 

38 Bit jit 32 47 

AO 30 43 32 25 

42, 30 22 32% 2 

Mg. SOF tie 31 40 
31 19 


46 | 29 414 


heaven. 


“NORTH, 
‘| or less than 180 
degrees 


Right ascension 
of the Mid- | 
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TABLE I, containing the Moon's 
Parallax in Latitude, to every se-|. 


cond degree of the Right Ascension 
of the Mid-heaven. ‘ 


Moon’s Horizontal Parallax. 
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¥ : ri PI pes Saee 
ae) a en CT a LG : | 
“a TABLE I, containing the Moon’s 


#e 


«Tight ascension} Parallax in Latitude, to every se-. 


of the Mid-} cond degree of the Right Ascension 
st of the Mid-heaven.~ Continued. 


NORTH, | Moon’s Horizontal Parallax. 


or less than 180 
degrees. 
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2 


| cana CHAP. 
‘ig piedt: meer. .||ng 

| TABLE I, containing the Moon’s| 

Right ascension || Parallax in Latitude, to every se- 

| of the Mid: cond degree of the Right Ascension 

ip Begven. of the Mid-heaven. : 


~ yr’ Ads + 
‘ , aa 


Mo 


: NORTH, me : Don's Horizontal Parallax, : iy 
warm ia Ae i 
By 2 | 32 34] 32 48 
at ee | 62 813. | 32°: 96 
$e 22 | 31 §3 | 32 6 
5A 4 | 31 $4] 31 47 


Sa oa 


odie ole od. 
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CHAP. hay Ss shea tina igen ie a 
Vi. coi TABLE I, containing sho Moon's s 
, Right ascension 


7 ion] Parallax in Latitude, to every se- 
of the Mid-} - ‘ 
rian cond degree of the Right: Ascension 

of the Mid-heaven. | 

SOUTH, <f ‘Moots Horizontal Parallax. ~~~ eer: 

or more than ras? 
180 degrees. 


29 
43 
a7 
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Rigutascnson |) gue EE, containing the Moon’s| _¥?- 
of the Mid-|  /-@rallax in Latitude, to every Se 
“heaven. | cond degree of the Right Ascension 
of the Mid-heaven: 


SOUTH, . 
or more than 
180 degrees. 


| & 
Bawa ! on i Oestaton 
Ne aa TABLE 0, alae the Moon’ 
4 |Right ascension 
: ght ite sion | Parallax in Latitude,’ to every se- 
heaven. cond degree of the K ight Ascension 
the Mid- heaven. . 
<r a , 


Moon’ 8 car izoutak Parallax, Ae fing 


: ane ee 
cy sa” | aid tna vies . : 
. is { i Ff ; 


SOUTH, 
| or more than 
180 degrees. 
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Lae fu Se de onan) CHAD, 
sae Ye TABLE I, containing the Moon’s| . ¥' 


Right ascension 
Mi. ' Parallax in Ldeitide. tO every se- 


“heaven. | cond degree ofthe Right mde 4 
a eesaanil | ee the Mid-heaven. 
SOUTH, _ Moon’s Horizontal Parallax. 
er more than ‘ . 
180 degrees. | 59! | 60’ 61" 24” 
; ; é | "| z? ay Tre ered bie pr egesngicn 
sthies Miletin AGED (32 54. 40 
46. fe NB2Qes $3 4 Ca 
ei MA SoRNS. 5G. 124 
SSO 153° 35> 55 46 
52 133. 57" 507s 
54, 54 13 56 . 24 
56 -| 54 30 56 43 
58 54 46 57 0 
60 55-2 57 16 
62 55 17 Nagar: FB 
64. | 55 30 57 46 
66. | S5%a3 683, <D 
68 55 086 58 13 
70 56 7 58 24 
72 56 #17 58° 34 
74 56 25 58 43. 
76 56 34 58 52 
78 56 40 58 59 ‘ 
80 56 46 59 5 
84 56 55 59 14 
87 56 58 59 18 
G0) foul 7, 0 59 20 
50 20. 


‘pase 


‘S10. On Occultations. 


Without the aid of the Moon’s parallax in la- 
titude, we may find, in’some cases, by the fol- 
lowing. rule, whether or, not any conjunction is 


attended with an occultation. If the difference’ 


between the latitude of the Moon and that of 


‘the star exceeds 1° 37’, no occultation can take 


place; and if the difference be less than 51’, 


there must be an occultation to some part of 


the Earth. When.the difference lies between 


these limits, we must have recourse to the 
Moon’s parallax in latitude, to ascertain whe- 
ther or not an occultation will take place. 


If it appears that an occultation will happen, 
we must then find, from astronomical tables, or 
from the nautical almanack, the. longitude and © 
latitude of the Moon at the time of conjunction, 
the longitude and latitude of the star, the horary ) 
motion of the Moon in longitude at the time of 
conjunction; the horary motion of the Moon 
in latitude, the horizontal parallax. of the Moon, 


the semi-diameter of the Moon, and the time 


when the star passes the meridian of the place. 
With these elements we may project the occul- 
tation, as in the heed aged example. 


EXAMPLE, 


Let it be eased to find whether or not the . 
conjunction of the Moon with Aldebaran, in ~ 
the month of December 1812, will be attended 
with an occultation ; and, if it is, to find the 
time of the immersion and emersion of the star, 


by projection. 


By comparing the longitude of the Moon with 
that of the star, it will at once appear that the 
conjunction will take place on the 16th of De- 


sember, when the Jongitude of Aldebaran, ace 
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cording to Dr. Maskelyne, is 2* 7° 10’ 29/’, and cmap. 
its latitude 5° 28' 47’ south. It willappear also VY! 
from the calculation of the Moon’s place, either. 

by Mason’s Tables, or from the nautical alma- 
nack, that the conjunction takes place at 10° 

20’ 37” apparent time, at Greenwich, when- 
the Moon’s longitude is 2° 7°10’ 29’, her la- 
titude 4° 53’ 13” south, her hourly motion in 
longitude 37’ 3’’, her hourly motion in lati- 
tude 50’; her horizontal parallax 60’ 32/’, 

and ‘her horizontal semi-diameter 16’ 30”. In 
order ‘to determine whether or not an occulta- 

tion will accompany this conjunction, we must 
find, from the preceding Tables, the Moon’s 

- parallax in latitude, thus, 


Time past noon, viz. 10h 20’ 37”, con- 


verted into degrees of the equator, 155° 9! 15” 
Right ascension of the Sun then, 264. 27 15 
3 emcee 
| Sum, ° Se 419 36 30 
Subtract 12signs, - . ° 360 oO O. 


Right ascension of the Mid-heaven north, 59 36 30 


With this argument we obtain from the 
Table, p. 305, 30’ 30’, for the Moon’s parallax 
of latitude, which, added to the Moon’s latitude, 
4° 53' 13”, because it is south, gives 5° 23’ 43/7 
for the Moon’s apparent latitude. The differ- 
ence between the latitude of the star and the 
Moon’s apparent latitude being 5’ 4’’, which 
is less than the Moon’s apparent semi-diameter, 
the star must suffer an occultation. 

Before we proceed to point out. the. method 
of projecting this and other occultations, we 
must first find the inclination of the axis of the 
ecliptic to the circle of latitude corresponding 
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enap. to the point of the ecliptic in which the star is 


VI. 


placed, or, what is enough at present, the dis. 
tance of the star from the nearest solstitial point 5 


and likewise the angle of the Moon’s visible. 


path with the ecliptic. For this purpose, sub- 
tract the longitude of the star from 3°, if its 
longitude is between O° and 3°, or from 9, if 
its longitude is between 6° and 9°; but if the 
longitude of the star is between 3° and 6’, sub- 


‘ tract 3° from it, and if it is between 9° and 12°, 


subtract 9* from it, and the remainder will be 
the distance of the star from the nearest solsti- 
tial point. .(Ehugph > adel, Wrted: 
In the preserit case, the longitude of the 

star is 28 7° 10’ 29’, between O§ and 


35, so that we have 4 38 0° Of Qo” 
: qe -2 7 10 29 


Distance of Aldebaran from the nearest 
solstitial point, reckoned on the eclip- | ! 
ties te Aes O 22 49 31 


In order to find the angle of the Moon’s vi- 
sible path with the ecliptic, say, as the Moon’s 
hourly motion in longitude is to her hourly mo- 
tion in latitude, so is Radius to the tangent of 
the angle of the Moon’s visible path with the 
ecliptic. Thus, inf i 


As 37’ 8” or 2223  3.3469395. 
Is to 0, 50~ 1.6989700 ~ 
Sois R.go Oo “a 10.0000000 | 


To the tangent of the angle of the ti 
Moon’s path, 1917’ 197 8.3520305, 
“Let us now collect all the elements which are 
necessary for projecting the occultation. | 


he 
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ps 
‘ # 


1. Appaient ra ‘er conjunction fon “a 


December'1812, 164 10h 20? 39” CHAP. 
2.| Longitude of the Moon and of — . ‘ibaa 
_ . Aldebaran then, Ae dn ETT age aa 


3. Latitude of the Moon hr de- 
easing or ae to the — 


- -< north, 0 4 53 13 
4, Latitude of addehace south, Os Ke BI hF 
5. Difference of latitude, QO. ; 35). 34. 
6. Distance of Aldebaran from ee | 
~~ nearest solstitial point, - O 22 49 32 
7+ Hourly 1 motion of theMooninlons 
gitude, 016.0 87.03 
8. Hourly motion of the Moon i in la- | 
 titude, — - “ 0 O O 50 
9. Moon’s horizontal parallax, PO EE OO Be 
10. Moon’s horizontal semi-diameter, Oo oO 16 30 
11, Right ascension of the Sunin time, O 175 37 49 
12. Right ascension of Aldebaran in 
time O 4 25 12 


13. Time of Biebaran’ 8 Scuthing? or 
the difference between the Sun’s 
right ascension and that of the | 
star, = O 10 47 2% 

14, Declination 7] Widehaeen conte fe) 
15. Angle of the Moon’s visible path AER 
Ya (ose the ae pa - Oa dteleiag 


% 
Shh SRY Vk. rv 


Method of projecting Occultations of the Fixed 
Stars and Planets by the Moon. 


Bom a scale of equal parts C B of any con- piate 1v, 
venient length, take, with the compasses, 60’ S¥- Fis-% 
32/’, the Moon’s horizontal parallax, or the 
semi-diameter of the Earth’s disc, and having 
described the semi-circle A HB, which will re- 
present the northern half of the Earth’s disc, 
draw CH at right angles to AB, for the axis 
of the ecliptic. Make CA the radius of the 
line of chords on the Sector, and having taken 
from it the chord of 23° 30’, set it from H to 
m andn, and draw the line mn, cutting CH 
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al in T. With Tm or T nas the radius of the line of 

sines in the sector, take the sine 0. 20° 49’ 31’, 
the distance of Aldebaran from the nearest solsti. 
tial point, and set it from T to Pon the right hand 
of CH, the axis of the ecliptic, when the lon- 
gitude of the star is 9°, 10°, 11%, or 1°, 2°; but 
on the left hand of C H when the. longitude of 
the star:is'3%)).47) 68:6"; 7°,:6r-B° 19% 

' From the vate, of chords on the sector, ith 
the radius C A, take 38° 31’, the co- faende of 
Greenwich, anil set it from 0, where C P meets 

the circle, to Z and Y, and draw the dotted 
line ZL Y. With C A as radius, take the de- 
clination of Aldebaran,. 16° 7’ 23", from the 
line of chords, and set it both ways from Z and 
Y to D and F, and to E and G, and draw the 
dotted lines DE and FG... Bisect. the -line 
X X in K, and draw the dark line IV K IV per- 
pendicular to CK. Take the distance o Z, or 
o Y, which is the chord of 38° 31’,.the co-la- 
Gunde of Greenwich, and set it from K to AV 
and DVe tex: 

With KIV as the radius of the line ‘he sines, 
set off K a, K a’, equal to the sine of 15° ; Ke, 
Kv’, equal to the sine of 30° 5 Ke, Ke’ , equal 
to the sine of 45°; Kd, Kd, equal to the sine 
of 60°; and Ke, K e’, equal tithe sine of 75°; 

- and through these points draw occult dotted 
lines parallel to X K X. Then, with K X as 
the radius of the line of sines, take the sine of. 
75°, and set it from a to IX, and from a’ to, 

. XI, on both sides ; set the sine of 60° from é to. 
VUI, and from 0’ to XII, on both sides; set, 
the sine of 45° from c to VII, and from c’ to ],. 
on both sides; set the sine of 30° from d to 
VI, and from d’ to I, on both sides; and, fi- 
nally, set the sine of 15 degrees from e to V, 
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and Frcs e’'tolil, Then, through the points CHAP. 
IV, V, VI, VII, VIN, IX, X, XI, XII, 1, Uy, 4 wy 
IV, V,-&c. draw the ellipsis IV, is Vv, 

which ‘will represent the path of Greenwich on 

the Earth’s disc. ‘The half-hours might have 

_ been drawn upon the elliptical path, by taking 

the sines for every 73°, and the quarters, by 
taking the sines for every 32°. At the points . 
where the elliptical path cuts the line C 0, put 

X* 47’, the time of the star’s southing, and 
continue the hours all the way round the cir- 
cumference of the ellipse, asin the figure, the 

_ time of the star’s southing being always placed 

at the extremity of the conjugate axis of the 
ellipse. ‘The lower side of the ellipse repre- 

sents the path of Greenwich when the star is 
above the horizon, if its declination is north ; 

but the upper part of the ellipse will represent 

the path of Greenwich when the star. is above 

the horizon, if its declination is south. 

With CB as the radius of the line of chords, 
take 1° 17’ 19/’, the angle of the Moon’s visible 
path with the ecliptic, and set it from H to M, 
on the right hand of H, since the Moon’s lati- 
tude is decreasing, er since she is ascending 
north towards the ecliptic. When her latitude — 
is descending, the point M will lie on the left 
hand of H. . 

» Take the difference aaah the latitude of 
the Moon and Aldebaran, viz. 0° 35’ 34’, and 
set from C to x upon the line C M, and through 
the point # draw the line RS perpendicular to 
C M for the path of the Moon. | 

Take the Moon’s hourly motion in longi- 
tude, 37’ 3/’, from the scale C B, and making 
it the length of a separate scale, divide it into 
6O equal ai for minutes. Take 47/ 23/7, the: 
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CHAP. time of the conjunction after 10 o’clock, and 
“'_, from this scale, set. it from # towardst. he left 
hand on the line of the Moon’s path, the other | 
point will mark out the hour of Ky: Take the 
whole length of the separate scale’in the com- ; 
passes, and set it from X to XI, from XI to 
XII, and from X to IX, and divide each of => 
these spaces into single minutes, or’ into every ; 
five and ten minutes. — q 
Apply one side of a square to dig’ Moon's s 
path RS, and move it backwards and forwards 
till the other side cuts the same hour and mi- 
nute in the path of the Moon, and in the path 
of Greenwich, as atr ands. The instant thus 
found, which; in the present case, is 10" $2’, 
will be the moment of visible Comjunedony or the 
thiddle of the occultation. 

Take the Moon’s saniitdianierers 16’ 30”, 
from the scale C Bin your compasses, and set- 
ting one foot on the Moon’s path, on the right 
hand of CM, and the other on the path of 

_ Greenwich, move them backwards and for- 
wards, - keeping each foot upon its proper path, 
till both the ‘feet fail upon the same hour and 
minute in each path as at ¢. This particular time, 
which, in the present case, is 9" 53’, will be 
the beginning of the occultation, or the instant 
when the star immerges behind the eastern limb 
of the Moon. Do the very same on the other 
side of GC M, and you will obtain the end of the 
occultation, or the time when the star emerges: 
from behind the western limb of the Moon, 
which, in the present case, is 11° 11’ With 
the Moon’s semidiameter as radius, and upon 
the points w, r, ¢ as centres, viz. the beginning, 

middle, and end of the occultation, describe 
three circles, which will represent the position 
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of the Moon at the beginning, middle, and end 
of the occultation, while the points w, s, and v 
will represent the position of» the star at these 
instants respectively, 7s being the nearest’ ap- 
proach of the centres of the Moon. and star, or 
1’ 30’. From the projection we therefore ob- 
tain the. fallosaing results. 4 , 


Ve] 


et af the occultation, te ROR BR cn. 
Middle.of the occultation, oe LO il Al 
End of the, occultation, .*=..'/ 11. 11. O 
Duration of, the occultation, ABH dS oO 
Nearest approach of centres, — iis Giles | 


The method of projection which we have 
now explained will answer..for occultations of 
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‘nape pence 


the planets, as well as the fixed stars, with this — 


difference only, that in the former case, instead 
of the hourly motion of the Moon in longitude 
and latitude, we must take the hourly motion 
of the Moon and planet, if they are moving in 
the same direction, or their difference, if they 
are moving in opposite directions, for the rela- 
tive hourly motion in longitude and latitude. 
With this relative hourly motion we must find 
the inclination of the relative orbit, in the same 
manner as we found the angle of the Moon’s 
visible path with the ecliptic. |. 

We shall now conclude this chapter with a 
Table of. occultations, which will be visible dur- 
ing the years 1811, 1812; 1813, according to 
~ the calculations in the Nautical Almanack. 


Occultation of § Litre, aay 20, 1811. 


Immersion, ° - 2h 59’ 30%” M. 

Star south of Moon’s centre then, OF 12 
_Emersion, 3) 4481.0 
Star south of Moon’ s eens then, O 11 30 
Moon south, . = = 8 41 Oo 


X 
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Ovdhtsiltin of ealeetaren ‘March \; 181f. 


- Immersion, fe SS, gh 31’ ‘oO’ E. 
Star north of Moon’ § centres’ hn 92 0. 
Emersion, - - 8 46. 0... 
Star north of Moon’s centre, ihe Qualys 40 
Moon souths, = - § 34 0O 


Occultation of o Eeonis, March ’7, 1811. 


Immersion, * 10h 43’ OV BE 
Star south of Mount centre, 0 9 45 
Emersion, ” 11 46 45 
Star south of Moon? scentre, O° '.8 45 
‘-Moon'souths, — ° ee ey er 
_ Occultation of + Leonis, July 24, 1811. 
Immersion, - - gh 29’ 30” E, 
Star north of Moon’s centre O12 45 °° 
Emersion, . - = Bi 5O 4 FS) 
Star north of Moon’s centre, Oss pvOxaiiia 
Moon at aaa e . 2 58-. Ob Ay 


Occultution of 1& Ceti, August 9, 1811. 


Immersion, = - 12h 51’ Oe Bist 
Star north of Moon’s raphe ! C,4IO. Fo. 
E.mersion, Peta ica be ae be ML 5 

Star north of Moon’ 8 eptiee, ree mS 2 Rody. Ws 
Moon sOURnS, = - 4.53", |,0).M. 


Occultation of A Aquarii, September 2, 18116 


Immersion, _ - = ‘gh 29’ .20/” oN : 
Star south of Moon’s centre, 0 13°"20.0° 
Emersion, - aml! 5" dada es. i ! 
Star south of Moon’s centre, (OL AZ MMOL 
Moon souths, => IQ. 0¢-2e 9 E. 


” Occultation of » Litre, § aiveniber 22, 1811, 


Immersion, - -, 74 36" 40” E. 

Star north of Moon’s centre, 0" TL 36°) 
_ Emersion, — « = 8 42 30. 

Star south of Moon’scentree § 0 1° O 


Moon Souths, . = 8 31.0” A. 


t } 
k 
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Penile Tauri, October 6, 1811. 
Immersion, ‘‘' - - (om yh 42!) 80MM. 
Star‘south of Moon’s ce 2 OOD te Lito 
Emersion,’ {{- oom im 2 20icibe 
Star’south of Moon’s centre,’ 90/0 93 15 


Moon souths, - => -~ 3.28 O 


Occultation of £ Leonis, October 11, 1811. 


Immersion,’ °» = 2. = 12h 209/30! E. 
Starsouth of ‘Moon’s conned ‘HOMO Be 4 igk 2 
Emersions) © = dt “13 20° 0 

Star'south of Moon’s centre; © 09° 8 Ov 
Moon souths, '. se io 44298 oOo M. 


_ Occultation of » Aquarii, October 27,1811. 


Immersion, da ge en | Ms EHO a AR 
Star,south of Moon’s centre,  eahe lew LiwbD ae 
Emersion;. 4 - as Obie 5. 
Star south of Moon’s centre, =. 0° 7 =~ 9 
Moon souths, is eat = 8 42 @ 


Occuitation of x: Tauri, November 20, 1811. 


Immersion, ». - wi. pcg 37 AO Te, 
Star south of Moon’s centre, . ~ 90-10. 30 
‘Emersion,, « - mis jh ae” 2h ace 
Star south of Moon’s centre, Ot 12, 20 
Moon eh ae - = eos AO ee. OD 


i 


Sree of Aldebaran, November 30, 1811. . 


Immersion, a ea Re hs ey: 30” M. 
Star north of Moon’s centre, -  O + Jerdsns 
Emersion, § = - 6 47 30 © 


Moon souths, ® ~ = =- “ul 92 O 


Uicliltdtion f i Ceti, December 24, 18}1. 


Immersion, | . =. cme eta DH ZF DSRS 
Star north of Moon’s centre, ~ 0 gg 30 
Emersion,» ''! - —  ™ 42 $47 O° 
Star north of ‘Moon’s centre, ©. O 11° O 


Moon hoc on i 7 45 9 


* : 
4 y S 


bak 2 4 
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CHAP Occultation, of 6 Vi gins January 4, 1812. : a 
VIL. Immersion, - - jib 42/ 30! 9 
taped Star south of : Moon’ 8 centres: eMOOIO Yo 7 12: 20-5 
- Emersions” © -12 39: 45. 
Star south of Moon’ $ centres: 2n00kd 15 9345: 38 
Moon souths, « = =. 4.48 OM. 
Occultation of . Lidkiey February: 6, 1812. 
Immersion, “.' = as « gh igh 15" M. 
Star north of Moon's centre, “noo hh) FPSO 
Emersion; Cla = a 30° 30 “a 
Star north of Moon’s centre, 0 10 7)'30) 
Moon souths, . = ay lag 42120" gol’. 
Occultetion of ‘de Sagitterii, Fibalep: 10, TOR | 
Immersion; ** aN 5h gf 0” M. 
Star south of Moon’ 3 centre,” “98 7 40 
Emersion,~ © = Psp ae aAg 12 45 ast 
Star south of Moon's centre, °° 0 0 Fuel | 4 
Moon souths,. = =) 11 4g" OOM, : 
 Occultation ofy Tutti, hie 19; 1812. sar} 
Immersion, 7 -_— 5. 5 o” % 
_ Star north of Moon’s centre, aicsk ye cb pie) 
Emersion; -_ nP 3 12° oO 
Star north of Moon’ s centre, oe oe “15.” 
. Moonsouths,**°  —" =” 6 ope eee 
K ednadan of B ri “irginisy- March 26, 1 1912, 
“Immersion, 0. oie ctucol@t az pou E. 
Star south of Moon’s centre, vps Oh Dect | 
Emersion, (| = = 9 . 33. oe ob 
Star south of Moon’s centre, | O 14 24 | 
Moon soptha, Pee ae te eee 22 O- ¥ 
2 “ Occultation “of + Zubahabrabi 7 18, 1812, . 
ke a Immersion; oF =! al 1h 52 le 
: Star north of Moon’ s centres, cimol® Yo @: 0 


ii 


Moon souths, » - = 0.26.0 


? 
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eQocultation of Cetis July 31, 1812. 


Immersion,. Qh 28’ 30” M... CHAP, | 
Star north of Moon's concn’ ie 40 O08 Vi. ; 
_Emersion, : = = ee OS 45 - Sys 
Star north of Moon’s 8 centre, PES Loa Be, 
Moon souths 6 = =. 66 Oo O- 
Occultation of. ul Tauri, August 28, 1812. 
Immersion, « |) = |. 4b 45° 0 M. 
Star south of Moon’? 8 centre, 0 « Grrr @s 
Moos ents Oe = phew 4 OO ED PEA Q 
Orden iMeatiors of y Piscium October 20; 1812, . 
immersion, © = = gh 27! 30! Mz 
Star north of soca s centre, 06250 
Emersion, . ~=. 14 28 oO 
Star north of Moon’ 8 centre, Oo 21 40) 
Moon ‘souths, pie ee see 10d Dh © mye 
et, 
 Occyltation of “ Ceti, October 21, 1819. eae 
Immersion, | ~ 5h 21’ 15 M: 
Star north of Moon’ s centre, — oO #12°"a0,°-" 
Emersion, ~ G 1 45 
‘Star south of Moon’ scentre,  °s O11 20. 
Moon souths, » - | 20412 43 0 
Occultation of f Tauri, October 21, 1812. 
Immersion, . = _ » gb 54’ 30” E, 
Star south, of Moon’s centre. . Oni 6-.. 0, 
Emersion, — - _ 10 60 = 35,» 
Star south of Moon’s centre, Pee B2y 45 : 
‘Moon souths, = = 204. 1 41-0 
Occultation of y Tauri, October 22, 1812 pam 
Immersion, » a ~ 5h 1337 30” E. 
Star north of Moon’s centre, . 0 3494.40 w 49 
Emersiony. = — -. 5 59 30 
‘Star north of Moon’s centre, 0.13 15 
Moon souths, hs ~ 14 40 27 © 
Occultation of Aldebaran, ee 22, 1812. 
Immersion, © - = 11b°57’ OB 
Star north of Moon’s centre, O 11° 38... 
Emersion,, — ee o'r osh2 16@* 30+, 3. 
Star north of Moon’s centre, "O 2180880: 
Moon souths, = = 14 40 O 
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Occultation of ¥ Tauri, ‘November’ 19; 1812. 
CHAP. 


as Immersion, Phe el — 6h. 17’. 30” M. 
*, Starsouth of Meon’s centre, if 0 » 2 iA Ate oa be 
‘ Emersion, — _ 6. 56° 30 
Star south of Moon’ s centre, “oO 10° se 
Moon souths, a 8d 12 Ne 


Occultation of ve Ceti, December 5, 1812. 


Immersion, © - ee yooRh Watinaghs nF 
‘Star south of Moon’ $ Nati 0 Ancien 
- Emersion, — - 3. Cae lbey) 
Star south of Moon’s centre, Qiiels BioweE Oy. ca 


Moon souths, » - 144 .g 55 okt: 


Occultation’ of f Ah December. 15 , 1812. 


Immersion, mE ah 36" 0” E. 
Star south of Moon’ scentre. ~ - 0° 9 15°. 
Emersion, i fe ge aa eee 
Star south of Moon’s centre, Ties Whi  bisiee's 
Moon souths, ie Se aa ee 


. Ooeuiltation of Midiagn December 16, 1912, 


Immersion, © — - oh 47’ 30” E. 
Star north of Moon’s centre,, On eer 
Emersion, - ~ = 10 59 15 
Star south of Moon’s centre, ~ O 2 ‘0 
Moon gouths,; sg = a) 10 48 O 


Occultation of y Tauri, January 12, 1813. 


Immersion, _ hae 12h 44" 0” E. 
Star south of Moon’ s centre, 0 7 20 
Emersion, - - 13 oe ou 
Star south of Moon’s centre, GO egies 


Moon souths, = paren ty 23" ig 0" 


~ Occultation if Ke Ceti, March 6, 1813. 


Immersion, . ~ - 8h 39’ . oO” E. 
Star north of Moon’s peel O 5 48. 
Emersion, es Sy on oG V8Ol0BO 2. 
Star north of Moon’s centres (O20 
Moon éouths, mi” (Siiihine bth, MO FINO Eee 
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-Occultation ‘of Aldebaran, March 8, isis. 
Immersion, = Gh vee A 
Star north of Moon’s conthy Oo | : 30 : 
Emersion, ~- st 7 1Qici0 
Starmorth of Moon’ scentree 0 .0.50 
Moon souths, -_ ~, 5 Rae ‘olh 

-Occultation of y Libre, April. 17, 1813. 
Immersion, - - LOR SO ot: Te. 
‘Star north of Moon’s centre, Oi 2 2a". 
Emersion, - A ope 
Star north of Moon’ 's centre, Oo 6 20 
Moon souths, | - ~ 13. 46 eg 
Occultation of » Libre, April 18, 1813. | 
Immersion, = - 4h 33’. 0” M, 
-Star south'of Moon’s centre, O° {Byte 
Moon souths, ’ ~ - 13 46 5 Oe : 
Obit ation of 2 , Ceti June 24, 1813. 
Tidtievetsat 7 ae ~ 2h 42’ » 0” M, 
Star north of Moon’s centre, O 9 40 
Emersiog,.i'} i: 3 wisn ¥ Bs, 30% eO 
Star north of. Moon’ § centre, O14 Bn) 20) 4) 
‘Moon souths, - . - 8 18> 0 M. 
, Occultation of Regulus, July A 1813. 
Immersion, .  - _ gh 28’ oO” E. 
Star south of Moon’s centre, Ove sO 
Emersion, ~ = OIA aie LS 
Star south of Moon’s centre, ~ 0 9,0 
Moon south, = = 3 5. 0 
 Occultation of 1 vie. July 8; 1813. 4 a 
Immersion, a = «bib 437 ‘O" E. 
Star south of Moon’s centre, -0 10° 40. 
Emersion, _ oe 12 33 0) 
- Star south of Moon’s centre, 0 10 40 
Moon souths, a a5 5 \'8 18 hee 
Occultotion of lp — July 11, 1813. 
Immersion, © at 108 58’ 15’ Ex 
Star south of Moon’s ost HO 8045 
- Emersion, be 12° 7° 40 
Star south of Moon’ scentre, . O 7 15 
Moon souths, ~ - 10 39. 9 


X 2 


e 
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CHAP, : Cebu aan of Bie Seopa, July diks\ 1813. 
se Immersion, “+ | =e gh: Blogg E. 
aa NT Star‘north of Moon’ 8 centre; SROOR. gain: LOW T8) 
Emersion,,| - 12, 5OmegiQ»: 
Star north of Moon’ s centre; £00 0 Yagerao~ 
Moon souths, ~ = 100 “Bg 70% 
_ Occultation of x Sagittarii, July 22, 1913. 
Immérsion, aha tee 12h 51°" 40” e 
Star south of Moon’s centre, sAevoaiean * Sigel at ese 
Emersion, . - 14... Goyer 
Star south of ‘Moon’ 8 cetitre, pilaitit ain © Nae aire 3 ¥ pay 


Moon souths, Ft oF 1 pgee go 


<Dergeniten of ¥ iach August 13,1813...) 


Immersion, ©. oo oie o WIR AGhroeQhik. 
Star south. of Moon’ sceitre i O.:dbBoe 450% 
Emersion, © s_ — ~ 11 48 380 
Star south of Moon’s centre,» O12) a 


aa souths | SAN Oy wa nya Ie the a ae —— 


‘Oceullatisn of 2% Cut, Septeniber 135: 1813." “ 


Immersion, . rE SPAT br 50! rE, 
Star north of Moon’s centre, o* 10°" -O 
Emersion,.. Sh Ai ad ayy Sten lO, 
Star north of Moon” s centre, 3 a» ph lel ost 
Mage waa phi laSatnath: Mi AS. ts da er f 
 Ocbultahion of p Celis nisin br’» oe 1818. 272 
Immersion, a nih iyo ‘29°? 6" RE, 
Star nor h.of Moon’ s | centie, ON ea saad 
Emersion,, i, Ng ie hs aap 20 
Star south, of Moon’ § Centre, eh anne 20” 
Moon sonths, . i Ms owltsanng | 1 Pete 0 me 
Cpiuteiee y 9 Capricorni,. Novem Pads 1818; : 
Immersion, - - GE oi AaB as 
Starisouth of Moonis;centre,  OdO 15 
»Emersion,. “GO! - a a GO Been in) 
A — Star isouth of Moon’s contres oe MMO Yo He 638+ 
hand cana Sh ee Ps BS. Lok 
ri O pe Wie y Peas Peer 
‘ OF 
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Occultation of » Gemini, December 9, 1813. 


Immersion, : SiN aes Sei. c Be i aia 

Star south of Moon’s Sonate 0 7 40 Sk a 

Emersion, “ ‘ 2°80 745 

Star south of Moon’s centre, 0} 9g 30 

Moon souths, f - lye ro) M. 
Occultation of 1% Aquarii, December 28, 1813. 

Immersion, ~ - ge BC ua Hi. 

Star south of Moon’s centre. =#§= O Q 45 

Emersion, - = 8 25 45 

Star north of Moon’s centre, Oo 8s 30 

Moon souths, - - 4 32 0O 


Occultation of 2) Aquarii, December 28, 1813. 


Immersion, « . gh 27’ 30” E. 
Star south of Moon’s centre, Oo 8 45 
Emersion, - > 9.19 15 
Star south of Moon’ s centre, 0 9 30 
Moon souths, ‘« hy habe Bee 4 Oy 


The method of computing the various phe- 
nomena of occultations, without the aid of pro- 
jection, will be seea in La Lande’s Astronomy, 
tom. II, and in Hutton?s Miscellanea Mathema- 
lica. Sie also Vince’s Astronomy, vol. I, and 
rae O. Gregory’ s Astronomy, p. 368. 


oe 
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(2 ef &. CHAP, VIL 


On Transits. 


Ast Mr. Ferguson has already given a-full ace cuap. 


count of the doctrine of transits, and of the 
method of projecting them, in Chapter XXIII 


of this volume, we have nothing of import- 


ance to add upon that subject. It may not 
be uninteresting, however, to many of our 
readers, to be put in possession of the elements 
of all the transits of Mercury which have hap- 
pened during the last century, and which are 
still to happen during the present; and likewise 


the elements of all the transits of Venus, from 


1631 to 2984. 


f 


or ri ‘ ¢ i Mi 5s Wage: 


Mean time of conjunetion,) «=. -. |) 114 18’ 58! | 
- . Geocentric longitude ofthe Sun . by | 
__ and Mercury, - 1s 14° 40 O 

Middle apparent time, =.) 11h 25 16 

Semiduration’of the transit,.. ....3. 57 .8 


Nearest approach of CONES, 5 ahi tig Dl 10,98, ON- 
4} a C4 : " i es 


we 


a) 


Vil. 
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‘ and Mercury, o 


On. Transits. 
Noilenider: 6, 1710. | 
Mean time of conjunction, — 114 10° “8” 
Geocentric longitude of the Sun — 

-and Mercury, ae 7% 149,10 50 
Middle apparent time, ma 11h 29 39 
Semiduration of the transit, 2. 422. 18 
Nearest approach of centres, | 0.37.0. .8. 

|. November Q, 1723. bi! 
Mean time of conjunction, 5h 6/39" 
Geocentric longitude of the Sun , 
"and Mercury, os 78 169 47 20 , 
Middle apparent time .- | sh 11-10 
Semiduration of the transit; | 2 29 20 
“Nearest approach of centres, ER oR ews 

November 10, 1736. ‘ R 
Mean'time of conjunction, | = 22h 50/2!” 
Geocentric longitude of the Sun ia 

and Mercury, - 7§ 19° 23 38 
Middle apparent time, <= 9. (. 228 45.50. 
Semiduration of the transit, lieagity dey ea ered es 
Nearest approach of centre, § «-O._—*18 58 N, 

May 25 1740. | ee “ 
Mean time of conjunction, _ 10h 27’ Sy, 
Geocentric longitude of the Sun bi skip ey Be 
' and Mercury, = iS 12° 43 49 
‘Middle apparent timé, 9 +) 12h 4 40 
Semiduration of the transit, » j gap Digit 
Nearest epnrorch of centres, ci 2 14 44 «N,' 
free 4, 1743. Agito dss 
Mean time of conjunction, 22h 16’ 47’ j 
Geocentric longitude of the Sun iia Ms 
~ and Mercury, - vba al 9 Mage 2 | 
‘Middle apparent time’ «=| 22h 46 10 
~ Semiduration of the vitae vmonsino io Manis 66a) 
Nearest Pe Earle of centres, » lay pct ne : 5 ‘. 
May 55 17580" EGR GROUT > 
Mean time Vee conjunction, ©) 80! “yeh. bot ag" 
“ Geoceniric léngitude of the Sun viggs won | 
Ae aie Oa 4s 0 
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Middle apparent ties oe es yesh 1g 17’ 4 40” CHAP. 
Semiduration of the transit, ooityyioo3 ° (63 ey re Vii. 
Nearest oo of ean oe, te ae On 2 ide Ss ye 


F Ce ne 


November 6, “yep 4 aap pei TD) 


‘Mean time of conjunction, °° 16 RIC 
Geocentric longitude of the Sun BY Sapes ue 
and Mercury, ps 43 V5O RS! Ay 
Middle apparent time, ©. .*— 16h 26 59 
Semiduration of the transit, 0D Vd Qi BZ 4 0" 
mei: sin of shesnieveuess etsy sf) Ont: Beride@oa dN. 
“November 9 1769. 
Mean time of conjunction,’ — gh 57” 46" 
Geocentric longitude of the Sun Me 
and Mercury, _ FPL SO aD 
Middle apparent time, ra 10h, 1 44 
Semiduration of the transit, (2.5 BBq 2 AB 
Nearest approach of nes Qh) Fi 29. N.' 
NboEmbe 2; nee 
Mean time of conjunction,» “oh 0" 46" 
Geocentric longitude of the Sun 
and Mercury, sl vs 11° 3 36 
Middle apparent time, — gh 40 33 
Semiduration of the transit, Mj BAAD Te. 
Nearest approach of ee ose tp sa 15 43 5%. 
+» Novembér 12, 1792. 
Mean time of conjunction; = == 3B 307 2u/" 
Geocentric lon gigage of of the Sun | ‘ 
and Mercury, ve aoe 26 At 
Middle apparent time, 0 = 0 3h 31 «50 
Semiduration of the transity;))). ¢ O37. 22.)) 
Nearest approach of centres, o aby Os BGiyAd, CN. 
artes May 3, 1786. ° ép 
Mean time of conjunction, %, ip y 28 
‘Geocentric longitude of the Sun © . ‘ 
and Mercury, _ 1S 13° 49 45. 
Middle apparent time; 164 35 O 
Semiduration of the transit,: 0.092.044 10 


Nearest approach of centres, oO Bb Qd N. 
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- November 5; haan 


0’ 


tr 


Mean time of Coijiinctnuaan aie gh 
—Geocentric longitude of the Sun 
and Mercury, vi 7s 13° 40 48 
Middle apparent time,, » = 3h 27 40 
Semiduration of the transit, —__ 25 26. O. + 
Nearest approach of centres, 0), 3 saa Ss 
May 7, 1799. . | 
Mean time of conjunction,. . ) Vor ahgghty 
Geocentric longitude of the Sun ” < 
and Mercury, - - 18 16° 54. 1 
Middle apparent time, Me iyiiniae se, AEN OB <n 
Semiduration of the transit, 3x42 22 
_ Nearest approach e Pentre, ACES EN 1 SIS ee Wp 
‘Rivbaten 85 1802. ' 
- Mean time of conjunction, 20h 47" aye 
' Geocentric longitude of the Sun — 
and Mercury, | 5) 78 16° 16 oy 
Middle apparent time, - |. 21h 2 10 
‘ Semiduration of the transit, | ~ 2 43 19° 
Nearest approach Of COMEEER Ste ait sur jy Dost seberad se 
5 November il, 1815. bois , 
Mean time of conjunction, 14h 34’ 58! 
Geocentric longitude of the: Siti? irre 
and Mercury, - 73. 1 80. So ‘an 
Middle apparent time, .. =, 14 36 58 
Semiduration of the transit, . «§s'§-s «2 «13. 52 
Nearest asEprOne of centres, in ds #@ 4 Ot >, TE Ne 
hse November Mi 1822. rae NES 
Mean time of conjunction,’ ©» > 13h 58’ 13/7 
‘Geocentric longitude of the Sun’ ace feed 
and Mercury, - Fe a ea! SS 
Middle apparent time,.. =... 14h Be 14 
Semiduration of the transit, _ rt coke 28h 
Nearest approach ¢ of centres, sold 0 8 
CH “May 4, 18320 : mi heh 
Mean time of conjunction,’ » +» 93h. i 29!” 
Geocentric longitude of the Stun? Py habia ale Singh 
and Mercury, = Se 14° 56 A5 
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Middle apparent time,»., =) . Oh 1g’ 1” 
Semiduration of the transit, ‘ eceesieatatimtn Aid hin Ollie 
Nearest approach of _ CenEree be shirrtiOadl Si 10, ce 
+1 Ri der: 7 18951) teat qgs sl bil 
Mean Gime of conjunction, 00%) 962 7h rggte sar 
Geocentric longitude of the Sum 9 Sosy [0 ee 
and Mercury, ~ 7° 14° 43° 8 
Middle apparent time, - Riu aa iSO: NS * DD 
Semiduration of ,the oat. watontie ince Baas SOE 
Nearest approach ad Ceubrese. 4 ohistOnat Bas Sho s. 
be fit “May-8, 18455 3 Bota iM 
Mean time of éonjunction, ./ 9° 7h. 54! bie 
Geocentric longitude of the Saip-to dave (e Daohs 
and Mercury, - LEE SMO BAe 
Middle apparent time,.., —....) 7) 32 58. 
Semiduration of the transit, \...),;.,3.),.22, 33. 
Nearest approach of CERES ies’ ghey eed Bodh Sia De 
. _ November 9; 1848.’ Ae Niel ‘ 
Mean time of conjunction, ints prea: NS 
Geocentric longitude of the Sun’ 2 88 he > 
and Mercury, ~ 98 6970.99) AQ 
Middle apparent time, | - .. 1b 49 43 
Semiduration of the transit, «2 441.33 .. 
Nearest approach of centres, Ghat Oot 20. Dg 
Funhon il, 1862-3 ie % all 
Mean time of conjunction, ©... 19h 20 dh 8%: 
Geocentric longitude of the Sun.’ sgh 
and Mercury, vil 7 “19° 54 44 
Middle apparent time, ~ :1gh 20 14 
Semiduration of the transit, Dh Q)123- 
Nearest approach of cent hts 0 10 52 .N. 
pT Se A, 1868. 
Mean ti time of conjunction, - 18h 43’ 45” - 
Geocentric longitude of the Sun " 
and Mercury, ~ 73 ASP0° Os 14D 
Middle apparent time, - 1gh 18 21 
. Semiduration of the transit, 1 45eu2) 
Nearest approach of centres, 0 12 20 8, ° 
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: Cotes . May 6, ‘1878. as af 
ol a Meas timé bE conjunction, — 
cosy Geocentrie longitude of the Sun 


and Mercury, — = oh ig 


Middle apparent time, oe HAL 
er ome 


Semiduration of the transit, . 
Nearest approach of centres; 


iNobeniber 7, 1881. 


Meas time of conjunction, *— 
Geocentric longitude of the Sun 


and Mercury, - i 


Middle apparent time; | ~ 
Semiduration of the transit, , 
Nearest approach of saaatinises 


“May 93 1891. . 


‘Mean time of conjunction, : Ps 

Geocentric longitude of the Sur 

_.and Mercury, _ 2° 
Middle apparent times >) ee ee 


Semiduration of the transit,. 
Nearest geass of centresy 


re 10, ‘1894. 
Meant time of conjunction, ? 


reocentric longitude of the Sun 
- and Mercury, ey < 
Middle apparent time, 1 
Semiduration of the Cieaninull 
Nearest approach of eter 


on 36" 0" | 


16° 3 50. 
6h 55 14. 
FB 1S31:3 1 
oe 4 $4 N. 
19h ay 3 38" 
15° 46 57° 
12h 59 33 
2° 39 @ 
‘14h 44” 57" 
19° g 1 
14h 13 46 
2 34.20: 
O 12 21.8. 
‘ its" 
18° 22 9g 
M10 86) 30°". 
2 37 36 | 
0 4 20 N. 
6 aii } 
iM 
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1833 


T; ransits “of Brenus over the’ ‘Sunt s Disc, pom 


kyo AOS LOMO SR. (0 > 


ey 
Grd ah) 


io 6, 1631... 


Ween pte of conjunction, . .; yh ] 
-oGeogentnic longitude of ae Surtiy dos 
and Venus, gs 149° 
_Middle apparent time, =. 16h 
Semiduration of the transit, “| 1 
_ Nearest pr bergen of centres, en Ae 


‘ Ce Wonsebiitier 45. 1639. 
Mean time of conjunction, 
Geocentric longitude of the Sun. 


and Venus, - gs 12° 
Middle apparent time, = 6h 
Semiduration of the transit, 3. 


Nearest approach °t . centres, eels ir 


ey 


“June § Ds aus: 
Mean time of conjunction, ... 3 san 
 Geocentric longitude of the aay 


and Venus; ©. °> = , 98 15°: 

Middle apparent time, - . 17h 
Semiduration of the transit, © ~~ 3 

Nearest approach of gentres, Ne hae 

. June 35 1700 | 
Mean time of conjunction, . gh 
-» Geocentric longitude of the Sun, fasorc 
and Venus, a, 258 13° 
Middle apparent time,  — 108 
Semiduration of ‘themtraadgt, “87! Hae 


Nearest be vidi of centres, 8 


Ve 


- 
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~ December 8, 1874. 


Geocentric longitude of the Sun 
and Venus, Pet ag 8§ 16° 28 33 


Mean time of conjunction,  =—«-—«:16h_s 8’ Qa? 
Geocentric longitude of the Sun , 
and Venus, et 8§ 16° 57 49 
Middle apparént, time,» ery (NBR 4304 128 
Semiduration of Copa acs tmnt. AL 
Nearest approach’of centres, ~~ * 0 13 SL N. 
December 6; 1882. ‘aes oan ve 
Wear eae’ at conjunction, —_—- 4h 16’ 24/” 
Geocentric longitude of the Sun te ie 
and Venus, | - 85 14° 29' 14 
Middle apparent time, OvomomS © 4h ae 42 
Semiduration of the transit,! © apes i ele a 
Nearest wg Sig ey Sta cents Prvteaeian. 1808 210 ':29 - Ig, 
scl | yan ig ce bi 
June 7, 2004, (2 Tetotagap bir ; 
Mean ne f CONJUNCHIONy «inn hey ch 9 208 ol, 24) 
Geocentric ee of the Sun f 
and Venus, = Ws Bed oy We 54 23 
Middle apparent Tne, wltsos 99 26 59. 
Semiduration of the transit,’ en op awe Soe 
Nearest approach of centres, ” me gir ay 19 ‘Ss. 
| June Be 2012. A 
When st tine er conjunction, es a pay “40! 
 Geocentric longitude of the Sun 
and Venus, ~ 98 15° 45 22 
Middle apparent tine,. ee pour Oke 
Semiduration of the transit," 3 ‘20 450 
Nearest ai rae ri centres, yam amb 8 lina N. 
eas 10, b1a7. : 
Mean time of conjunction, 4, 5 adh 57 ; “ygr 
Geocentric longitude of the Sun’ g 
and Venus, o 8° 18° 56 52 
Middie apparent time. inh hil ‘4h oe eT a 
Semiduration of the transits MEETS A OD ae 
Nearest approach of’ centres,” abu “Oo ay ON. 
. December. 8, abs. 
- Mean time of conjunction,» , nm ‘of “20! f 
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Middle apparent time, = = gh 
Semiduration of the transit, tired: 
Nearest approach of centres, bu thO 


44! 
48 
11 


June 11, 2247." " 


Mean time of conjunction, — “gh! 
Geocentric longitude of the Sun . 
and Venus, - 25 20° 
Middle apparent time, —- = | 23h 
Semiduration of the transit, ai 
Nearest approach of centres, =~ 6) 


June 8, 2255+ 


Mean time of conjunction, | es OR 
Geocentric longitude of the Sun 
and Venus, Sik = 25 19° 
Middle apparent time, ==) 5) 16h 
_ Semiduration of the transit, 3. 
Nearest approach of pra . e) 


December 12, 2360. 


Mean time of conjunction, — 13h 
Geocentric longitude of the Sun . } 
‘and Venus, ms gs 200 
Middle apparent time, ~ 13h 
Semiduration of the transit, ~ 2 
Nearest en of centres, 0 


_ December.10, 2368. 7 


Mean time of conjunction, Qh 
Geocentric longitude of the Sun 

and Venus, - 8° 18° 
Middle apparent time, - 2h 
Semiduration of the transit, y) 
Nearest approach of ceutres, oO 


June 12, 2490. 


Mean time of conjunction, 3h 
Geocentric longitude of the Sun 

and Venus,. - Banga 
Middle apparent time, = gh 
Semiduration of the transit, 69° 21. 


Nearest approach of centres, a) 
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VIL. Mean time of é Sonjuncioks (siatteys | 20». vw rd 9 
Neamyaed = Geocentric lonzitude ‘of thesSum jo 5 i 
- and Venus, ~ SP QS...2G° 22 37 
Middle apparent times. + > he 20 59 
Semiduration of the transit, oe Lee 24 
Nearest appraacl of centres, Bs 29 N, 
Deecurher 15, 2603. be 
Mean time of conjunction, | 12h 44" 90", : 
Geocentric longitude of the Sun | 
and Venus, - 88 229°55 36 
Middle apparent time, ~ 12h 25 | 55 
Semiduration of thetransit, °, i eG ye Te 
Nearest approach of couptaay Ea te mee 50 Ne 
. od + 1 Diember 13, 2011. hao 
Mean time of conjunction, Gah tpbree Vv: 52 $i 
Geocentric longitude of the Sun — | | mK 
~-. and Venus, ” =A 0kes 88 2684 a7 38 
Middle apparent time, — 1h 40 31 
Semiduration of the transit, .. 2 15°°20 
. Nearest approach. of ge iocD tol 20 
| June 15, 1733, wn lt teed 
‘Mean one .of conjunction, + 14 kes BDSM 
Geocentric longitude of the Sun . 
ath Vans, eWay ap, Q2 BAe SO. 3D. 
Middle apparent time, —_ 5h 33 53 
Nearest vey of. gonees, OR TT Oe N..' 
| | “June 195 2741. 4 
Mean time of conjunction, “aah 34 39 
Geocentric longitude of the Sun he 
and Venus,’ ; me eg 235546" “58 
Middle apparent time, — “93h 47 39 
Semiduration of the transit, 9 re Mao 
Nearest approach of centres, On, 54. IN: 
me Dict 16, 9846.° Be 
Méan time of conjunetion, sb 43° bal! 
Geocentric longitude of the Sun wow by 
and Venus, © > — <8 24% 55 22 
Middle apparent time, =) 1k 26 28. 
Semiduration of the trangit, te toro 124 
Nearest approach of centres, | 0-9 5a °N- 
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December 14, 2854. ) ; . 
Mean time of conjunction, » 6h 4’ gf} CHAP, 
Geocentric longitude of the Sun DER i VIL 

_ and Venus, =r }pey cy) 7p 8? 22° 97 45 —ed 
Middle apparent time, “= °° Qh 44 21 

Semiduration of the transit, | 1 54 10: 

Nearest approach of rae Te eg ee A ee 


¢ 
5 7 


wi = igs 
r ees se, ee 
"Mean, time “of ss conjunction, pores Qh 537. 9” 
~ Geocentric longitude of the Sun Phe 
and Venus, © = = t—i‘“<—«“CSS 2 BQ 
Middle apparent time, = 2h 51 53 
Semiduration of the transit, ; 3 56 9g 
c oalearest-ep proach | of toe oo 00145 a 
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ON THE ABERRATION OF ‘THE HEAVENLY BODIES, 
THE PRECESSION OF THE EQUINOXES . THE NUTA- 
TION OF THE EARTH'S AXIS, AND ‘THE 'VARIA- 
TION IN THE, mgugdlrey OF THE ECHED bi 
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CHAP. Lar cz can Sarhcly be coureseieitz ik inva week like 

VHT. this, that we should enter at any length into 
the subjects of this chapter. The greater part 
of them are among the most difficult branches 
“of physical astronomy ; and we have been in- 
duced to notice them at present, chiefly in order 
to supply a defect in the original work. We 
shall endeavour to explain to our readers the 
physical cause of these interesting phenomena; - 
though, without the aid of mathematical rea- 
soning, any explanation, however simple, must 
be imperfect and unsatisfactory. 


‘On the Aberration of the Stars. 


Aberration While Dr. Bradley was engaged in a.series 
of thestars. 

-of observations to determine the parallax of the 
Farth’s annual orbit, or the angle which the 
Earth’s orbit subtends at any fixed star, he dis- 
covered a change in the places of some of the 
stars, which he called their Aberration, and | 
which he afterwards found to arise from the 
motion of light, combined with the annual mo- 
tion of the Earth in its orbit. 
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In order>to understand how these motions cyap 
combined! should produce a change in the places VUul. 
of the'stars, let a, b, c, d, e represent the path [7 
ofa particle of light emitted by the star S, and sup, Fig. 
perpendicular to the plane of the Earth’s ‘orbit! 
ABCD, and let us suppose the telescope 1m to 
be carrie! along with the Earth, in its annual or- 
bit ABCD.: That'an observer, looking through 
the telescope, may see the star S, he must not 
direct the telescope to the place 's, where the 
star really is, but he must incline it to the di-’ 
rection of the light which comes from the star, 
and must point it towards s, so that the star will 
appear at s, instead of at S; having Ss for its’ 
aberration,. or’ the difference between its tru 
and apparent place. In order to prove this, let 
us suppose that: the velocity of the Earth in its 
orbit ABCD, is the same as the velocity of 
light ;: that the telescope is in the position 12 
when the particle of light is at a, and that, 
while the. particle moves from a to J, from 4 to 
c, from cto d, and from d to e, the telescope , 
moves through the equal spaces) 1,2; 2,33 3,4; | 
4, 5,. respectively... The moment the telescope 
has reached the position 2 n,- the. particle will 
have arrived at b, and, by means of it, the’star’ 
will be visible: through’ the telescope. When? 
the telescope has advanced to the position 3 0, 
the particle of: light will have arrived at c, and, 
by means: of jit, the star will still be iSble 
through the telescope. ‘In the same manner, 

_ when the telescope has successively reached the 

- positions: 4p, 5’, the particle will have arrived’ 

at d and e, successively, so thatthe particle of 

light has really. moved along ‘the axis of the te- 

pists 3 gti touching i its sides ;_ and, conse- 
. OY 2 
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quently, the star.S, from»which the particle of 
light was emitted, must have been visible:in the 
direction of the tube’s axis, and must have ap- 
peared in the heavens somewhere abouts. As: 


the velocity of light is supposed to be; equal: to; 


the Earth’s annual motion, the inclination of thé. 
telescope to the path of the particle a, byic, d,-¢. 
must be 45°, and the aberration of the’ star 45° 5) 
but since the real velocity of light is. neatly 


- 10,313 times greater than that of the Earth in its» 


Piate V. 
Sup. Fig... . 


orbit, the inclination of the telescope will require: 
to be only 20”, to allow the particle of light to 


pass freely along its axis, and consequently S s,: 


the aberration of the star, will be. only 20/%, 

. Itis manifest, from the explanation now gis: 
yen, that.the aberration is always: in the dirécs 
tion in which the telescope or the: Earth is mov-) 
ing. Thus, injthe progress of the Earth along» 
the: side ‘of its, orbit AB, the aberration. will’ 
be in the direction Ss ; when.the Earth is moving 
from B to C, at right angles, to its former direc- 
tion, the aberration will: be S¢, when the Earth is) 
moving from: C to D, the aberration will be Sw, 
and when it is moving along DA, the aberration 
will be Sw. Now Ss, St, Sv, Sav, are-each 20”, 
and consequently the star will describe a small 
circle in the Heavens, 's ¢ vw, 40’ in. diameter. 
Since sis the apparent place.of the star, when 
the Earth is between A and Bs ¢ its apparent 
place, -when | the Earth is between Evand: A; v 
its apparent place, when the Earthiis at N;.and: 

w its apparrent place, when the Earth isiat F; 


it follows that the star S..will always appear go° ie 


farther advanced: in its small circle.s.¢ vw, olan 
the Earth will be in its own orbit. \. 


Hitherto we have. supposed. that the star Sis. — 
in the pole of the ecliptic ABCD, and conse _ E 
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quently that the path abcde of the pare 


of light emitted by the star‘is at right angles to. . 
the motion of the Earth in its orbit; in which | 


case the aberration will be greatést, ad will‘al- 
ways be 20", If the star is situated at Pin the 


plane of the Earth’s orbit,\or in the plane of | 


the ecliptic, and if the Barth “is. at I, moving 
in the direction EG, at’ right angles, nearly £6 
EP, the aberration will be 207, as formerly, 
and the star. will: appear in the Heavens at wu. 
During the progress of the Earth from G to 'N, 
the direction of its motion is gradually becont: 
ing more oblique to the rays of light emitted by 
the star, and consequently the aberration will 
gradually diminish, and the star will appear 
nearer and nearer its true place, till the Earth 
arrives near N, when the aberration will vanish, 
as the Earth and the light of the star are both 


moving in the same direction. While the Earth - 


is moving from N to F, the aberration will era- 
dually increase in the opposite direction Py ; and 


when the Earth arrives at F, it will again be ~ 


20’, and the star will appear at r, the direction 
of the light of the star being now at right angles 
to the path of the Earth. During the progress 
of the Earth from F to M, the aberration will 
. again diminish, and vanish at M; ; and during 
its motion from M to C, it will again increasé, 
-and reach its maximum at E. From this we 
_may conclude, that the aberration of a star si- 
tuated in the plane of the ecliptic is the greatest 
possible when it is in opposition and conjunction 


with the Sun, and that it vanishes when the 


star is in the quadratures. Between the qua- | 


dratures and the conjunctions and oppositions, 
the aberration varies as the sine of the star’s 


” 
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CHAP. distance from the quadratures. When \the star 
Vill. is placed in the pole of the ecliptic, or in the 

Nesscmen enmareed > I 
plane of the ecliptic, the aberration, being al- 
ways in the direction of the Earth’s motion, 
will consequently be in the direction of the 
ecliptic, and will therefore affect only the lon- 
gitude of the star, and its right ascension and 
declination. If the'star,. however, is above or 
below the ecliptic, and not in its pole, its Jati- 
tude will also be affected; but, in all cases, the 
aberration will be greatest when the star is in 
opposition and conjunction, and least when it is 
in quadrature, with the Sun. The aberration, 
_ however, will not vanish in the quadratures, as 
the Earth and the light of the star can never - 
move in exactly the same, or in exactly the op- 
posite, direction, unless when it Is. ene in 

: the ecliptic. _ 

Abetration ‘The true places of the planets are’ likewise 
Planets. changed by the combined motion of the Earth 
riage and the light which they emit. Let Jupiter be 
ee supposed immoyeable at O, and let BA. be the 
Space described by the Earth in the time that 
the light of Jupiter moves from O to A, or ra- 
ther the relative motion of the Earth and Jupi- 
ter in that time; then it is obvious that when 
the Earth has reached 4, the light of Jupiter 
will have arrived at d ; and when the Earth has 
arrived at A, the light will be at A, so that 
BO or &d will be the direction in which the 
planet is seen, or the direction in which a tele. 
scope carried along with the Earth must be 
placed, in order that the light of Jupiter may 
~ always move along its axis. When the Earth 
is at 2, eee will consequently | appear at 0, 
instead ‘of O 2 80 that its aberration O 9 is equal 


/ 
/ 
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to the space B 4, described by the Earth in the CHapP. 
time that the light moves from O to d. When V1, 
the Earth arrives at A, Jupiter will appear 
at o’, and his aberration O o! will be equal to 
the space BA, described by the Earth in the 
time that his light moves from O to A. Since 
light employs 8’ 7’ to come from the Sun 
to the Earth, and since the Earth moves 
through 20” in that time, the aberration of the 
Sun will be 20’’. In the same way,,we shall 
have, for the greatest aberration of the other 
planets, — ha : 


Mercury, - 593!" 


WOM etitae VAP PE OES igi ae eth " 
afte a OR ae Mita di ta Ae i 
Ceres, - - - 32 

Jupiter, -- -° - 29° 


Saturn, - - - 26 
Georgium Sidus, 25 


These numbers will vary with the elongation 
of the planets from the Sun, and with .a varia- 
tion of their position in their own orbits.* _ 


On the Precession of the Equinoxes. 


_ We have already seen (vol. I, p. 180.), that Sepa 


_ the two opposite points, where the ecliptic and noxes. 


_ * A full account of the history of this discovery will be 
found in the Edinburgh Encyclopedia, Art. ABERRA- 
TION. ; | ’ | 
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its 


Plate V. 
Sup. Fig.3. 


equator intersect. each other, are called the 
Equinoctial Points, andthe line which joins 
them the Line of the Equinoxes.. These points 
are not stationary im the Heavens, | but retreat 


dlong the ecliptic, contrary to the order of the _ 


signs, at the rate of 50/’.3 in a year, so that they - 


perform a whole revolution in the Heavens in 
about 26,000 years. .Since the longitudes of 
the stars, therefore, are reckoned from the ver- 


nal equinoctial point, and since this point re- 
cedes on the ecliptic, the longitudes of the stars. 


must increase 50’’.8 every year. The cause 6f 


this singular phenomenon we shall now endea- 


vour to explain. - 

Let NS be the Earth, N its noth and $ its 
south pole, AA‘ the equator, inclined to the 
plane of the Moon’s orbit AB, and ald, a8 
the meniscus of redundant matter at the equa- 
tor, by which the globe of the Earth ex- 
ceeds an accurate sphere. Let the Moon now 
move round the. Earth supposed at rest, and 
it will act upon the redundant matter a b d, aps, 
in the direction .of lines drawn to the Moon, 


from each particle of the redundant, matter. 


Thus, if the Moon is at M, its action on the 


, particle at Ai will be in the direction of ALM; 


and this force may be resolved. into two, one 
in the direction AN, parallel” to the Moon's 


arbit, and the other in the direction AXP, per- ~ 


pendicular to the plane of the Moon’s orbit. 
In the same way, it may be shewn, that in what- 


ever part of her orbit the Moon is, the force’ 


with which she attracts each particle of re- 
dundant > matter, whether in the inferior me- 
niscus «f, or in. the superior meniscus abd, 


may be decomposed into two forces, one” of . 


ide 
isin hh a " 


ve 
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which draws the particle ina direction parallel cHap, 
to the plane of the Moon’s orbit, while the Y'¥ 
other draws the particle down to the plane i 
the Moon’s orbit. ‘The forces which act paral- 
_Tel.to.the plane have obviously. no tendency to 
alter the distarice of the particles from the plane; - 
but those which act perpendicularly have a di- 
rect tendency to draw the particles down to the 
plane, .and, thas to diminish the angle ZECM, 
* ot the inclination of the Earth’s equator to the 
plane of the Moon’s orbit, the intersection C 
suffering: no change of position. | 
‘Let us now suppose the Earth to be put in Plate ¥. 
_ motion round its axis, then all the particles of "8 if! 
‘the redundant matter will receive a motion pa- 
rallel to the equator A. ZE. Let the particle Ai, 
moving in the direction AiC, be drawn towards 
- the plane of the Moon’s orbit, by a force which 
would make it describe the space XP in the 
same time that the particle itself by the diurnal : 
motion of the Earth, would describe the space 
ZET. Draw Te parallel to AiP and Pe parallel 
to AXT, then A‘ e will be the direction in which 
the particle will move, when acted upon by the 
two. separate forces AEP, ART. Hence it will 
cut the ecliptic in the point c at a greater angle 
than it did before, and proceed in the dir aoe 
LicT’. ‘The equinoctial point, therefore, which 
was formerly at C, will have moved backwards 
to c, and the inclination of the equator will be 
increased,” “while the particle is moving towards 
the equinoctial point c. When the particle} has 
passed the point c, it is still drawn to the plane 
~ of the Moon’s orbit. Let us suppose IG at, AL, 
_ and that the force drawing it to the plane of the 
-Moon’s orbit wonle. make it describe the space 
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fi/P’, in the same time that it is carried from 
/&/ to T’ by the Earth’s motion; then, in vir- 
tue of these two forces, it will move in the di- 
rection At’e’, as if it had come from c’. The 


' equinoctial point ¢, therefore, has moved still far- 


ther along the ecliptic, in the same retrograde 
direction, the recession having been Ce ahi the 
particle was moving from ZE to c, and cc’ while 
it was moving from c to e’.. We have already seen, , 
that the inclination of the path of the particle, 
in its passage from /E to c, was increased from — 
the angle AiCB to the angle 4icB; but, in its 
passage from c to e’, its inclination has diminish- 
ed from the angle i’cA to the angle e’c’A; so~ 
that, upon the whole, the Moon’s inclination 


has not suffered any change, having been in- 


creased in the one case, and diminished in the 
other. ‘The action of the Moon upon every 
other particle of redundant matter will produce 
similar changes; and hence it follows, that the ac- 
tion of the Moon upon the equatorial parts of 
the Earth produces a recession or precession in 
the equinoctial points. The space Cc’ is the 
precession during one revolution of the Moon, 
which does not exceed 3’. The whole effect 
produced by the Moon during an year is 35’’.2. 
The sun will evidently act upon the equatorial 
parts of the Earth in a similar manner, and will 
produce a similar effect ; but, on account of the 
great distance of this luminary, the precession © 
occasioned by its action is only 15’’.1, the whole 
precession arising from the combined action of 
the Sun and Moon being 50’’.2 every year. 


FP ‘ 


On 8 Nation of. the Earths Axis, 


In Beer vine ‘the dastinaden of y Draconis, cHap, 
and other stars, Dr. Bradley perceived a change, V4!!- 
in their declination, for which he long attempt- on the nu- 
ed to discover a cause. He found, however, tation of 
that such changes were different in different j the Barth's 
years, and that they seemed to depend on the 
position of the Moon’s nodes. — 

If the angle ECM, which the Farth’s axIS Plate V. 

makes with the plane of the Moon’s orbit, 5 "is? 
had been always the same, as it would have 
been if the Moon’s nodes had been station- 

‘ary, then the precession of the equinoxes would 
have been uniform, and the Earth’s axis would 
always have pomted to the same part: of the 
Heavens. But since the Earth’s equator is in- 
clined 23° 30’ to the ecliptic, and since the 
-Moon’s orbit is also inclined about 5° 30’ to the 
ecliptic, the Moon’s orbit must, in certain posi- 
tions of her nodes, be inclined about 29° to 
_the Earth’s equator, and in other positions 18° ; 
and during 18 years, the time in which her 
nodes perform a complete revolution, the plane 
of her orbit will have every possible inclination 
to the Harth’s equator between the limits of 18° 
and 29°. Now, itis manifest, from Fig. 3, that 
the force ZEP, by which the particles of redundant 
matter are attracted to the plane of the Moon’s 
orbit, must increase or diminish with the angle 
ZECM, the‘angle which the equator forms with | 
the Moon’ sorbit. If this angle remained con- 
stant, the precession would remain constant, 
and the obliquity of the ecliptic would also be 
invariable 5 but since the angle ZECM varies, in 


*. = 


Diininu- 
ti f the e : : 
Obliquity Was long considered as a constant quantity ; and — 


of the 
Heliptic. 


of the ecliptic. » The force AEP, therefore, in- 
creasing for nine years, will produce a change — 
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the course of 18 years, from 18° to 29°, and — 


_ from, 29° to 18°, ‘the perpendicular. force ALP — 


is always increasing and diminishing ; and hence — 


there is rfot. only an irregularity in the preces- ~ 


sion of the equinoxes, but also a nutation of 
the Earth’s axis, or a, change in the obliquity — 


— - 
- ys 


of inclination, or,a change in the angle AUCM, ~ 


which is not counteracted by another change of ~ 


an equal and opposite kind; and as it will di- © 
minish during the next nine years, the inclina- © 
tion will also increase till it reaches its former ; 
magnitude. This variation will amount to 18/7 — 
at the end of 18 years, the Earth’s axis having 
described a small circle in. the Heavens, about — 
9’’ in diameter. By this nutation of the Earth’s 
axis, the equator will change its place in the Hea- 
vens ; and, consequently, the declination of the 
fixed stars will increase and diminish during 
every revolution: of the Moon’s nodes. 


On the Diminution of the Obliquity of the 
} Ecliptic. Rerett’ : 


‘— * 


- The obliquity of the ecliptic to the equator % 


even so late as the end. of the 17th century, the — 
difference between the obliquity, as determined — 
by ancient and modern astronomers, was genec@ 
rally attributed to imaccuracy of observation, ~ 
and to a want of knowledge of the parallaxes — 
and. refraction of the. heavenly bodies., It ap-— 
pears, however, from the most accurate moe 
dern observations, made at great intervals, thaeg 
the obliquity of the ecliptic is diminishing 5 and — 


the theory of universal gravitation fortunately 


hf , 
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_ supplies: tis ‘with a satisfactory explanation” ot the CHAP, 
phenomenon. | edits 10), VERT 
~ While’thé Earth is ’ vevolving in. the ota’ ems isin 
the: ecliptic; it'is acted upon ‘by all the planets 
éf ‘the solar system. The'action of any of the 
planeta, when they are situated in the plane of — 
the ecliptic, ‘have’ a tendency: only to alter’ the 
Earth’s gravity’ to the Sun;' ‘or'to accelerate and 
retard its motion; but as ‘all the planets moye 
in orbits inclined to the ecliptic, their action 
upon the Earth tends to bring the Earth towards 
the plane of their orbits, in the manner which 
we have already explained, when treating of 
the precession of the equinoxes, The effect of 
this action, therefore, is to displace the  eclip- 
‘tic, or diminish the inclination of the Earth’s 
orbit to the plane of the orbit of the planet ; but 
while the Earth’s orbit is thus changing its po- 
sition, the equator of the Earth is sustaining 
no change, and consequently there will be a 
variation in the obliquity-of the ecliptic to the : 
equator. Along with -this variation, there will 
also be a small precession in the equinoctial 
points. These changes, however, are very small, 
and scarcely become apparent till after the lapse 
of ages. According to La Grange, the diminu- — 
tion in the obliquity of the ecliptic and the pre- 
cession of the equinoxes produced by the differ 
- ent planets in a century are, 


Var. in Obliquity. Precession. 


Mercury, § 07.84 + 0.85 

Venus, 80 88 + 8 .87 

Mars, 1 03 - O 95" 
Jupiter, 15 .86 —- 2.11. 
i Epaturn, Wm’ aks be Wren Sd 8 Big 


“Total effect, 50/00 ++ 8.03 
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By comparing about 160 observations of the. _ 
obliquity of the ecliptic, made by ancient, and: 
modern. observers, with the’ obliquity ‘of 23° 
98’ 16/’, as observed by Tobias Mayer, in 1756, _ 
we have found, from a view of-all the results, that, 
the diminution of. the obliquity of the ecliptic, — 
during a century, is 51’; a result,which ac- 
cords wonderfully with the best observations. — 


f 


CHAP. IX. 


ON COMETS. © 


Comers are’ a "ali of ccléitiat bodies, which CHAP, 
appear occasionally i in the Heavens. They _™_, 
exhibit no- visible or defined disc, but shine 
with a pale and cloudy light, accompanied 
with a tail or train turned from the Sun. They: 
are found in every part of the Heavens, and . 
move in all possible directions. © 
When examined through a good telescope; # 
comet ‘résemblés a mass of aqueous vapours Me 
_ circling anopaque nucleus of different degrees 
_ of darkness in ‘different comets, though some- 
times, “as in the-case of several discovered by 
~ Dr. Herschel, no ‘nucleus can be seen, As the 
_ comet: advances’ towards the Sun, its faint 
/ and ‘nebulous light becomes more brilliant, and 
its luminous train gradually increases in length, 
When it reaches its perihelion, the intensity 
_ of ‘its light, and the length of its tail, reach 
their maximum, and sometimes it shines with 
_all the splendour: of Venus, During its re- 
_ treat from’the’perihelion, itis shorn ofits splen- 
dour, it’ gradually ' resumtes its nebulous ap- 
pearance, and its tail dé¢reases in magni-’ 
tude till it reaches sucha distance from the 
_ Earth, that! the: attenuated light of the Sun, 
which - it’ reflects,’ ceases to make an im- 
_ Pression | on the organ of sight, Traversing 
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€Hap. unseen the remote portion. of its orbit, the 

si comet wheels its ethereal course far beyond : 
the limits of our system. What region it 
there visits, or upon what destination it is sent, 
the limited powers of man are unable to dis- 
cover. After the lapse of years, we perceive 
it again returning to our system, and tracing 
a portion of the same orbit round. the Sun, 
which it had formerly described. . 

It would: be a. waste of time toy, detail. oh 
Various wild. and extravagant, ppinions whi 
have been entertained, respecting. these » inter-, 
ésting  stars.,- During. the ages of, barbarism, 
and superstition, they.were ,regarded..as the; 
harbingers. of awful: convulsions, both.,in° the. 
political, and in .the,-physical world, ,, Wars,. 
pestilence,. and, famine,. the: dethronement, of 
Kings, the fall of nations, and the more. alarm-, 
ing convulsions of: the, globe, iste cths dread-, 
ful evils which they. present ed. ;to. the. diseased, 
and terrified imaginations of men. As the light; 
of knowledge dissipated. these ogloomy. appres} 
hensions, the absurdities of, licentious:specula-, 
tors: supplied, their place, and all. the ingenuity, 
of conjecture. was exhausted in,assigning some: 
Fational office to these. wandering. planets.) — 
Even at the beginning . of. the, 18th century, 
the friend and companion of Newton, regard-. 
ed them as the abode of the damned:. Anxious 
to. know more.than what is revealed; the. fancy» 
of speculative theologians, strove’ to. discovery, 
the. frightful regions.in which. vice, was to suf-., d 
fer its merited. punishment cand. the interior 
caverns of the earth had, in, general, been re-) 
garded as the awful prison-house j in which the, 
Almighty was to. ee the , severities of; 
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justice. Mr. WHiston: however, outstripped cHap. 
all his predecessors in fertility of invention. __% 
He pretended not only to fix the residence of | 
the damned, but also the nature of their pu- 
nishment. Wheeled from the remotest limits 
of the system, the chilling regions of darkness 
and cold, the Comet wafted them into the 
very vicinity of the Sun ; and thus alternately 
hurried its wretched tenants to the terrifying 
extremes of perishing cold and devouring fire. 

By other astronomers, Comets were destined 
for more scientific purposes. ‘They were sup- 
posed to convey back to the planets the elec- 
tric fluid which is constantly dissipating, or to 
supply the Sun with the fuel which it perpe-. 
‘tually consumes. They have been regarded 
also as the cause of the deluge ; and we must 
confess, that if a natural cause is to be sought 
for that great event, we can explain it only 
‘by the shock of some celestial body. The 
transient effect of a comet passing near the _ 
Earth, could scarcely amount to any great 
convulsion ; but if the Earth were actually 
‘to receive a shock from one of these bodies, 
‘the consequences ‘would be awful. A new 
‘direction would be given to its rotatory mo- 
‘tion, and the globe would revolve round a 
“new axis. The seas, forsaking their ancient 
beds, would be Pigg by their centrifugal 
force, to the new equatorial regions ; islands 
‘and continents, the abodes of men and ani- 
“mals, would be covered by the universal rush 
of the waters to the new equator, and every 
“vestige of human industry and genius at 
‘once destroyed. The chances against such 
an event, however, are so very numerous, that 
‘there is no dread of its occurrence. 

Vol, £1. L 


space in the heavens. The Comet of 1681, 


tended an angle of 60 degrees at Paris, 70° at - 
- Boulogne, 97 at the isle of Bourbon, aed 90°. 4 
at sea between Teneriffe and. Cadiz. ‘These © 
long trains of light were supposed by Appian, 
Cardan, and Tycho Brahe, to be the light of 


f 
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_ Various opinions have been entertained by. 
astronomers respecting the tails of Comets. 
These tails sometimes. occupy an immense — 


——< o> o 
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stretched its tail across an arch of 104 de- } 
grees, and the tail of the Comet of 1769, sub- 


ee ee ee 


the Sun- transmitted through the nucleus of | 
the Comet, which they believed to be trans- © 
parent. like a lens, » ‘Kepler thought, that the — 
impulsion of the solar rays drove away the. 
denser parts of the Comet’s atmosphere, and 7 


thus formed the tail. Descartes ascribes the p 


aa 


tail to the refraction of light by the nucleus. ” 
Newton maintained, that it is a thin vapour ; 
raised by the heat nf the Sun from the Comet. j 
Euler asserts, that the tail is occasioned by the | 
impulsion of the solar rays driving off the at- | 
mosphere of the Comet; and that the curva- 1 
ture obseryed in the tail, is the joint effect of. | 
this impulsive force, and the gravitation of © 
the atmospherical particles to the solid nu-— 
cleus. Mairan imagines, that Comets tails are 4 
portions of the Sun’s atmosphere. Dr. Hamil- | 
ton of Dublin supposes them to be streams, of © 
electric matter ; and Biot supposes with New- | 
ton, that the tails are vapours produced by | 
the excessive heat of the Sun ; and also, that’ 
the Comets are solid bodies before they reach 
their perihelion ; but that they are afterwards” 
either partly or totally converted into var 
by the intensity of the solar heat. ) 
In the early ages of science, the Comets) 
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were regarded as an assemblage of small stars CHAP. 
that had accidentally coalesced into one body ; 
and afterwards they were believed to be simple 
~ meteors or exhalations generated by inflam- 
mable vapours in the Earth’s atmosphere. Some 
of the ancient. philosophers entertained more 
correct notions of the nature of Comets. Some 
of them considered these bodies as a species of 
planets that moved in regular orbits beyond 
the region of the Moon ; but this was only a 
sagacious conjecture which they had founded 
neither on observation nor analogy. It was not 
till the time of Tycho, that actual observa- 
_tion was called to the aid of theory; and 
that any well-founded opinion was maintai 
ed. By observing the Comet of 1. 77, he 
found that it had no diurnal parallax; and 
that it was, therefore, situated at a much 
- ‘greater distance than the Moon. Kepler, who 
at first thought that they described rectilineal 
paths, afterwards endeavoured to show, that 
their orbits were parabolic and concave to- 
wards the Sun. Hevelius entertained the same 
- opinion ; but it was left for Sir Isaac Newton 
_ to show, that Comets revolved like planets 
round the Sun, in excentric ellipses, stretching 
_ far beyond the limits of the solar system, as 
_is represented in Plate I, where the aphelion p,,.;.; 
part of the orbit is not drawn on account of Sw. 
its great-distance from the Sun. 
Pursuing the opinion of Sir Isaac Newton, 6, ino vo. 
the celebrated Dr. Halley collected all the ob- tur of coe 
' servations upon Comets, and calculated the ™*> 


"struck with the similarity between the ele-— 
ments of the Comets of 1456, 1531, 1607 ,and 
1682 , that he believed them to, be the same Co-, 
TOR Cae 


| 
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Comet of 
1770. 


the attraction of Jupiter ought to lengthen its 
period 510 days, while that of Saturn should 
- only lengthen it 100; and that instead of ‘74: 
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met that had performed three complete revolu- 
tions, between 1456 and 1682, with periods of 

From 1531 to 1607, 76 years 62 days. 

From 1607 to 1602, ‘74 years 323 days. | 
Hence he predicted, that the same Comet | 
would return in 1757 or 1758 ; and that its ‘ 
period would be lengthened by the action of ‘ 
Jupiter and Saturn. 

This curious subject was taken up by Clair- 


aut, who computed the separate effects pro- 
duced. by Jupiter and Saturn on the motion 


of the Comet of 1682. He concluded, that — 


years and 323 days, its period should be 76 
years and 211 days. Asthe Comet, therefore, 
passed its perihelion on the 14th September | 
1682, it ought, by this calculation, to reach - 
the same point of its path on the 13th of 
April.1759. The appearance of this Comet 
was, therefore, eagerly anticipated as a phe-. 
nomenon. which would establish onan im- 
moveable basis the theory of universal gra- _ 
vitation. It, accordingly, appeared about the ~ 
end of December 1758, and arrived’ at its 
_ perihelion on the 13th of March, only 30 days _ 
before the time fixed by Clairaut. By tea 
peating his calculations, he afterwards reduced 
this error to 19 days. : 7 

The Comet of 1770, appears to have expe- 
rienced very remarkable changes from the ac- _ 
tion of the planets. According to Pingre, it 
moved in an orbit whose major semiaxis was _ 
3.14786, and had a period of 5.43 years, T 
calculations of Lexell make its major semiaxis r 
3.14786, and its period 5.585 years. As this 
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Comet has never been seen since 1770, the CHAP. 
National Institute very lately requested Mr. | 
Burckhardt to repeat all the calculations with 
the utmost care; and the result of his labour 
has been a complete confirmation of the ele- 
ments obtained by Lexell. He found its major 
‘semiaxis to be 3.14359, and its period 5.575 
‘years. What has become of this Comet it is 
difficult to say. The aphelion part of its or- 
bit is not ‘far beyond the orbit of Jupiter. It 
approaches as near to the Earth as the Moon, 
and ought to have appeared about 8 times 
since the year 1770. 
We are unwilling to hazard a conjecture Theory of 
upon a subject like this; but the circumstan- (VCS. 
ces are so remarkably curious, that we hope of 1770, 
to be pardoned for indulging in speculation. 
In a future chapter, (Chapter XI) we have « 
shewn, that the four new planets are the frag- 
ments of a large celestial body which once ex- 
isted between Mars and Jupiter; and we have 
adduced several arguments to prove, that this 
body may have burst by some internal convul- 
sion. . If this body had an atmosphere, each of 
the four fragments would obviously carry off a 
portion of it, according to their respective 
magnitudes ; but it is a very singular circum. 
_ stance, that while two of the fragments, Juno 
.. and Vesta, are entirely free from any nebu- — 
lous appearance, the other two fragments, 
_. Ceres and Pallas, are surrounded with a nebu- 
_ losity of a most remarkable size. In the case 
_ of Ceres, this nebulosity is 675 English miles 
_ high; while the nebulosity of Pallas extends 
_ 468 miles from the body of the planet. It is 
obvious, that such immense atmospheres could 
- not have been derived from the original planet, 
otherwise Juno and Vesta would also have — 
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been encircled with them; so that they must 
have been communicated. to Ceres and Pallas, 


since the planet was burst. Now, the Comet 
of 11770, if it is lost, must have been attracted 
by one of the planets whose orbit it. crossed, 
and must have imparted to it its nebulous mass ; 
but none of the old planets have received any 
addition. to their atmosphere ;. consequent- 


ly, it is highly probable, that the Comet 


has passed near Ceres and Pallas, and impart- 
ed to them those immense atmospheres, which 


distinguish them from all the other planets. 


We have not room to detail the: other argu- 
ments in support of this theory, which may 


. be drawn from the position of the orbits of the 


Comet and the two planets. : 
The elements of the- various. 5 a that 
have been observed till the year 1808, amount- 


ing to 98, are contained in the following table. 


The Arabic figures in the first column accom- 
panying the Roman numerals, point out the 
Comets that resemble one another. Thus, the 
number 19 opposite to the year 1532, shews 
hat the Comet of that year is the same as the 
Comet No. XIX, which appeared in 1661. 
It will appear from a comparison of the 
numbers in the table, 1. That 24 Comets 


have passed between the Sun and the orbit of © 


Mercury ; 33 between the orbits of Mercury 
and Venus; 21 between the orbits of Venus 
and the Baath - 16 between the orbits of the 


Earth and Mars ; 3-between the orbits of ~ 


Mars and Ceres; and 1 between the orbits of 
Ceres and Jupiter... 2. That 32 Comets have 


appeared between the months of April and 
September, and 66 between September and A~ , ~ 
pril. 3. That the e greater part of the Comets: — 


y; 
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have their perihelion nearest to their ascend- - crap. 
ing nodes. 4. That 50 of the Comets-move , 1: 
from west to east, and not. in the opposite ace 
rection. 5. That the orbits of the Comets are 

not confined to any particular region of the 
heavens, like the old planets, but seem to be 
inclined at every possible angle to the ecliptic. 

_ This will appear from the following table, 
which shews the number of Comets whose ins ~ 
clinations are below every tenth degree. - 


Difference, 
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hi ABLE of the Elements of Ninetij. Bigke. Comets, whol : 


have been observed and' calculated till the year 1808. 


ri 


en aa 


30] 0.56020 |Retrograde, 


BF 7s Sila “le Balai beac ak ig 
Order of the :|Time when the Comets passed }» ‘5 25 
Comets. ‘ oe their Perihelion. Mean time 5 2 ey E ae is of 
= 2} at Greenwich. $ae08 irmotion. 
bs a eats pe 
. Days, Tose ey % 
2 ay 837 | 1 March, 0.58 Retrograde 
II. 1231 O January, 7 12 30)0.90478  |Direct. 
ILI. - |1264| 6 July, 4° 90 39)0.445 Direct. 
17 July, GQ 39)0.41081 |Direct. 
IV. 1299 |31 March, 7 28 39)0.3179 |Retrograde 
V. 1301 |22 Oct. nearly, mo 10.457 Retrograde 
Vi. 13387| 2 June, | 0 24 30)0.40666 Retrograde 
1. June, ; 0-30 39)0.6445. |Retrograde 
4Q 1456 | 8 June, 22. O 8910.5555 Retrograde. 
WII. 1472 |28 February, |22' 22. 30/0.54273 .|Retrozrade 
49 1531 |24 August, |21 17 309/0.56700 |Retrograde 
19 1532 |19 October, {22 11 30/0.50910 |Direct. 
{VIII 1533 |16 June, — |1Q.. 29':«-39/0.2028 | Retrograde. 
3 1556 |21 April, 20 2 3010.46390 |Direct. 
IX. 1577 |26 October, |18° 44 39]0.18342 |Retrograde. 
i) 9 1580 [28 November, |13.. 44 30/0.59553 |Direct, 
XI. 1582| 7 May, 0.23004 |Retrograde. 
XIT. 1585 | 7 Oct. N. S.|19 19 30)1.09358 |Direct. 
XIII, 1590) 8 Feb. N. S.. 3-44 30)0,57661 |Retrograde. 
XIV. 1593 {18 July, N. S13 38 39]0.08911 |Direct. 
XV. 1596} 8 August, [15° 33 309|0.549415| Retrograde. 
449. - 1607 |26 October, | 3. 49 39/0,58680 | Retrograde. 
XVI. 1618 |17 August |3 2  30910.51298° |Direct. | 
XVII. 1618 | 8 November, {12 22 30910.37975 |Direct. 
XVIII 1652 |12 November, |15 39 3010.84750 |Direct 
XIX. 1661 |26 January, |23 40 30/0.44851 |Direct 
XX. 1604 | 4 December, [11 51 430])1,025755|Retrograde. 
DD 1665 |24 April, 5 14 39/0.10649 |Retrograde.|}: 
XXII. 1672 | 1 March, 3 36 3010.69739 |Direct. 
XXIII 1677 | 6 May, O 36 30}0.28059 |Retrograde. 
XXIV 1678 26 August, |14 2 $0/1.23801 |Direct. 
XXV. 1680 {18 December,| 0 1 1| 0.006030 |Direct. 
49. 1682 |14 September, 7 38 $30]0.58328 |Retrograde. 
AVI 1683 |13 July, 2 40 
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TABLE oft the Elements of Ni inety- Biohd Cont which 
have been observed and calculated till the year 1808. 


( 


Longitude of their As- | ay Sue Tap teation ef their 


Years 
when they cending nodes. Place of their Perihelion. Urbits to the Eclip- 
appeared ie tic. 
f ; 
Nik se ? " co” bas i / £7 ry ’ ” 
837 6.26 33 9 19.48 10 12° 
1231 _0 13 30 4 14 48 30 55 
1264 | 5 19 .0 Oy ds OU O 36 30 
Re icaglity Se QBN): O° (ob i48, VO 20 25 
_ 1290 Sd Tes O wis wor 68 57 
1301 O 15 nearly. Q 10 70 nearly. 
1337 Pa en Biuhe «Be Ce 
esi Gy De Ke O | 20 cane go 11 
1456 1) /-18):30 10 tab Oe 7 56 
1479. OIL 46. 20: Las 383980 5 20 
1531 1 #2OK 25 10° CF BGs W756 
1532 2.) 200WezZ B24 37 32° 36 
1533 4 5 44 487 AG 55 ag 
1556 (152) 25-42 Qi PS BO eh B26 (30 
157 744 NO 2725" 52 LA ae Re ROP 7h 82. AS 
1580 OVDGG HZ HITE OS 1g DESS 64 51 50 
1582 GF 21 U8: Sow iQy/eld 69" or, 61 
1585 ay ae ee OB BL 0.4 
1590 5 15 30 40 OVO etesO sb 20 40:40 
1593 5°11 14 0 51 26))10 87. 58 
1596. | 10; 15 36. 50 OF 28180 a0 52 Q 465 
1607 1} :20%)-21 On 82 3640 i 2 
VOLS IO) aan 5 10 18 20. 0 23 28 
1618 2206 gy) O22 Set y'G 37 34 
- 1652 2 28 10 O 28) 48/'40f' 79 28 
IGGL. ps) 12+.22 30:30 3 25 58 40 32, 35. 50 
L6Gdeduhi2o/2r «a4 A FO! Abe V6 21.18 30 
LOGS 2h 6 AF HSE es 2b SEO Oe a O 
£O7.25. 6 by Ow 27 NBOLIBO 1)..86 591-30 G5) 22 710 
med * 210778 7 26 49°10 4D? Be ls PO 298 AS 
1678 By 11/464) TO 10°) 27, 460g» Bes 20 
1680 we Oe eG 8 22 40 10 Gi 22 W565 
LOSF awit (oO) 16 80 10 4/2 52°46 17°56 920 
LOSE 56 N95 293-523") :0 2 86200030 Ps 88.11 ee 
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TABLE of the Blewents of Ninety-Eight Comets which 
have been opsenee ¢ and cn. ell a year 1808, 


a 


Days. 
1684} 8 June, 
1086 |16 ‘September, 
1089 | 1 December, 
“+ 11698 {18 October, 
1699 113 January, 
1702 {13 March, | 
1700 |30 January, 
11707 |11 December, {2: 
1718 {15 January, 
1723 {27 September, 
1729 125 June, 
} 23 June, 
.|1737 {30 January, 
1739 |17 June, 
1742 | 8 February, 
8 February, 
1743 |10 January, 
: 10 January, 
1743 |20 September, }- 
1. March, 


8 22 3010.75435 |Retrograde. 
14 }.12° 89 abide pe ee 


" 39} 2 19851 pi sara 
1748 28 April, es By 12.5% 24) 0.84007 ° Rtregmade:) 
1748 118 June, £9 2: 
11757 |21 October, |} 9. 46 39 0.3380 ; 
1758 }11 June, 117; 39) 0.21535 
1759 |12 March, 31 39) 0.58349 
12 March. 

é 12°March, 
11760 127 Nov. 1750, 


48 _15|0,.58360 Retrograde.) 

0 2 36/0.80139 
Beri 0.965 99 Retrograde. | 

15. 17" Zolhvore4 "|Direct. 

6) 51. 28} 1.009856 Direct. 

0 18 27/1.01415. |Direct. 

19 43. 17)0.49876 |Direct. 

13 42 15) 0.55522 -|Retrograde. 

39] 0.50538 'Retrograde.! 


1763 | 1 November, 
1764 {12 February, 
17 February, 


TE Ay oo. 2 
3 us * ° 
Order of the ; 3 Time when the Comets passed 25 3 S .| Direction of 
Comets. vee their Perihelion. Mean time a pats a a their motion. | 
iy na Poy ar . J Moan 
@ gi at Greenwich. a3 Fy is 5 
et . Uy (o Becitt sino ie 


16 56 39/0. 69129 Retired. . 


* 
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TABLE of the Elements of. Ninety-Eight Comets which 
have been observed and calculated till the year 1808. 


| Years Longitude of their As- mY fndination of their 
(| when they cending Nodes Place of their Perihelion. Orbits to the Eclip- 
appeared. ic 


PNY ANO OWN: 
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OW wenn 


ee 
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ea 
os 

8 
“eG 

9 

7 

9. 
UA 

8 

10 
10 


bh bo 
@ & 


; = 
RON WWW Ae © 


364 : On Comets. 


TABLE iy the Elenenes of Neieniibbizhe Comets sanaet 
have been observed and Calculated till the year 1808. 


A ‘ a > 
as , . 
| Order of the pe ~ s Time when she Comets piesaet ’ B oh Iicdetict of their 
| Comets. |" 8) their Perihelion. iar time ‘s 3 a, ~ motion. 
fy at Greenwich. ae arc 2 

owt to) om 

jAsase 


Reeepail. | 
70 {Direct. 

~ |Direct. 
_ (Direct. | 
|Direct. — 
‘Direct. 


18 February, 
5 September, 
WS August, 
| 4 January, 


4 January, — WERE gay: 
30 September,}18 | Retrograde. 
7 July, | \Direct. 


Retrograde. 
Direct. 
Retrograde. 
Retrograde. 
Direct. 
Retrograde. 
Direct. 
Retrograde. 
Retro grade. 
Direct. 


29 November, 
15 November, 
21 January, 

g April, 
27 January, 

8 Apri, 

7 July, 
10 May, 
3110 November, | 7. 
20 November, | Q — 


17 January, | Retrograde. | 
15 January, Retrograde. | 
28 January, Direct. 
21 May, Retrograde. 
02 |13 January, Retrograde. © 
27 December, Retrograde. 
j 4 November, yf O.4( Retrograde. 
18 November, {35 28 309)1.504 Direct. 
15 peer nae Direct. 
1796| 2 April, Di aeoeuell 
1707| 9 July, Retrograde. 


.|1798)} 4 April, Direct. 


fr { 
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TABLE of the Elements of Ninety-Eoght Comets which 
have been observed and calculated tll the year 1808. 


+ 


- -WWnelination of their 
rbits to the Eclip- 
tic. 


Longitude of their As- 
cending Node. 


| Years 
when they 
appeared. 


S. | 
1766 8 a. 
1769 ‘i pe 
i F 
177% 6 
177)" 3. 
1772 3 
1773 42 
1774 10 
1779 F 
1780 = ae 
1781 7 
1781 oO 
1783 1 
1784 2 
1784 10 
1785 ue 
1785 “a 
. 1786 5 
“1787 O 
1788 ae 
1788 Oo 
1790 | : 
1790 3 
1790 9 
1792 i 
1792 ve 
1793 rs 
1793 2 
1795 5 
17006 6 
1797 : 


1708 
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TABLE of the Elements of Ninety- Eight Comets which — 
- have been observed and, Calculated till the year 1808. 


12-30 ne perilthe.C a[22 3 " 
3 [2 s!Time w en the Comets passed|o'= SS ,} Directi 
i ges c é molt ~ their wee nite time g a s Ela Itheir Ack 
. eet ie ‘Bt Green wiley eg 
er ae Agacs 
( Days, H Mia eh 4 
LXXXVIIL. 1798 31 December, [21 55 44/0.77479 |Retrograde. 
LXXXIx, ‘hi 799 7 September,| 5 34 5/0.84018 |Retrograde. 
oh ee ee: 121, September, |.4 125 0.82387 |Retrograde. 
xc. ~ 11799 |25 December, {18 54 209/0.26688 |Retrograde. 
XCI.- 1801; 8 August, [12 50  39)0.249 Retrograde, 
XCII. 1802] 9 September, [21 23 §8/1.09411 |Direct. 
XCIITI. 1803 | 9 September, 20 33 °54!1.0942 |Direct.. 
XCIV. 1804 |13 February, [14 6 55)1.07117 |Direct. 
xXCV. 180518 November,| 3. 5  6,.0.37862 |Directe 
XCVI. 1805 |31 December,| 6 12 400.89193 |Direct. » 
XCVII. 1806 '28 December, |21 52 49, 1.08193 Retrograde 


IXCVIII. 1807 lis September, |17_50_27/0.64048 ,[Direct. _| 
at 648 
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wr 


; ) vate he Comets. Hh ila 367 


TABLE of the Elements F Ninety-Hight Conia which 


have been observed and BAN hay ie the agar 1808. 


bE 


Yous Longitude of their As- 


ee gs Fegan c of their 
when they cending nodes. Place of their Perihelion. Orbits t to the Eclip- 
appeared. pane ?. i aa tic. 

t H. oO f 777 S. eee “wt rt) ? 7] 
1798 8.9 80:2 Pore BB. 5 42. A 5D 
1799 Smo) ay. 19 OB. JO sdO 50. 57 30 
St oB eh iB4 Oa! BP BO vu 50 52 30 
1799 | .10 26 27° 18 G6 10. 14.52 Vin 42 
1801. ar Weak an = eon 8 1 tues (alba Maas 8, 20 20 O 
1802 IONI1O 154" 38 As Ue ee WL 8 570 47 
1803 | 10 10 17 O VP eave ae. ts Oey S| S77 OD). 0 
1804 |} .5 26 47. 58 4028) AA SL 56 .28 40 
1805 1d, 1£.,.37 19 497. 515.98 15 36 36 
1805 8 10 33. 35 Wi WE py W seo 10° 30 32 
1806 102092. 18 37 BS) 14 we eeO Grea 4 OS 
1807 § 26° 46-3 OO SOF £0 68 10 35 


NOR ge aera etme neces ee oT TO bie Gai ee, 


bss “4 hy fY 
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TOG “OCHAP. X 
ON THE FIXED STARS. 


’ CHAP, ds the twentieth chapter of volume I, Mr. 
x. Ferguson has given some account of the num- 
ber, distance, and arrangement of the fixed 
stars; and has mentioned a few of the ne- 
bule and variable stars, which had been dis- _ 
covered at the time when he wrote. This in- 
teresting branch of astronomy, however, was 
then but in its infancy. The positions of in- 
dividual stars had been accurately determined, 
their immense distance had been fully ascer- 
tained, and a small number of variable, cloudy, 
and double stars had been discovered in differ- 
ent parts of the heavens: but no rational opi- — 
nion had been formed respecting the structure 
of the starry firmament; the proper motions of 
the stars had not then been accounted for by 
the advancement of the solar system in abso- 
lute space; the double periods of some vari- 
able stars had not been ascertained ; the the- 
_ory of double stars, or binary sidereal systems, 
in which one star revolves round another, and 
the explanation of the milky way as the ne- 
bula in which our system is placed, had not, 
at that time, been given to the world. For 
the greater part of these discoveries we are in- — 
debted to the industry and genius of Dr. Her-. 
schel, who has also discovered and determined 
the position of several thousand nebule and 


double stars. In attempting to give a full ac- cHap. 


: 
se : - . 
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count of these interesting and sublime dis sai Pas 
veries, which has not yet been done in any — 


~ Janguage, we shail adopt the arrangement ne 


Dr. Herschel, after we have given some ace 


4 count of the distance, parallax, and. proper 


PO ee 


460, is shewn at A in Plate V, Fig. 6, and at plate V,.” 
 B, whens seen with a power of 6 450. From sup. Fig. 6 
ag these observations it appears that the apparent 
diameters of the fixed stars do not arise from 


. ae 


motion of the stars, and of the phenomena of 
new rand variable stars. 


1. Of the Alig ite Distance, and Parallax 
ms of the Fixed Stars. 


Wuen the fixed. stare - are viewed through a On the ap» 


good telescope, their diameter appears much pearance of 
~ the fixed 
Tabs than when they are examined by the na-ctars. 


ked eye. If we employ a teléscope of still 


‘greater power, the apparent diameter will be 
‘increased, but not according to any regular 


progression. Even when seen, with the same 


_ power, in different telescopes, their apparent 
“magnitude i is not thé same. Dr. Herschel al- 


‘ways found that their diameter was less in pro- 
portion the higher were the powers that he 


- applied; and the smallest proportional diame- 


ter that he ever obtained was when he em- 
‘ployed the extraordinary power of 6,450 times. 


~The appearance of «, Lyra, according to this 


astronomer, wher. viewed with a power of 


a sensible disc, but from other causes with 
hich we are not yet acquainted. ‘This. cir- 
-cumstance, therefore, might, of itself, be con- 


sidered as a striking proof of ‘the j immeasurable - 


kal, iy... Ava 
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CHAP, distance of these celestial bodies, even though 
we had not been in porremion of more con- 
. vincing evidence. 
Parallax of ~ The diameter of the Earth being too at 
of thestarsq base for measuring any changes in the po-. 
sition of the fixed stars, astronomers have en- 
deavoured to discover these changes by ob- 
serving the position of the stars, when viewed 
from the earth in two opposite points of its 
orbit ; or, in other words, to find the annual - 
parallax of the stars, or the angle subtended 
at any of them by the diameter of the Earth’s 
Plate V, orbit. ‘Thus, when we view the star, S, when 
Sup Figs 1s the Earth is at E, we should expect it to ap- 
pear ina different part of the heayens than 
when it is seen from the Earth at F. The ob- 
servations made by Tycho, Picard, Hook, and 
Flamstead to discover this annual parallax, 
were completely ineffectual; and even Dr. 
Bradley, the most accurate observer of the last © 
century, ventures to affirm that the annual 
~~ parallax of y, Draconis, and », Ursa Majoris, 
does not amount to 2 seconds : ; and that, from 
the number of observations which he made, it. 
could not amount even tol second. | 
Bradley's The method employed for this purpose by 
eee tie Bradley and other astronomers consisted in ob- 
annual par- serving the meridian altitudes of the stars when 
lex. the Earth was in opposite points of its orbit. 
The meridian altitudes were then corrected by 
refraction, aberration, and nutation, and the 
difference in the place of the stars, if any ex- 
_isted, was readily ascertained. This method, 
however, is obviously attended with great dis- 
advantages, as the result is liable to be affect- 
ed by variations in the atmospherical refrac- 
tion, and also by any error in the aberration 


DS 
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and nutation employed. On this account, Dr. CHAR, 
Herschel has proposed a new method, greatly, 
superior to the former, both in simplicity and 
accuracy, and free of all errors arising from re- 
fraction, aberration, nutation, precession of 
the equinoxes, or any changes i in the» bial 
ty of the ecliptic. . - 

The method of Dr. Herschel consists in Dr. Here 


schel’s me- 


‘measuring the variation in the distance be-~¢hoq, 


tween the two stars which compose a doubie 

star, when there is a considerable difference in 

their magnitude. Thus, let A B be two oppo-F Plate VI, 

site points in the Earth’s orbit, and x, y, two aiid te 
stars of unequal magnitude, o which « is the 
greatest, and, therefore, probably the nearest ; 
let the angle x A y, or the apparent distance 
of the stars, be méasured when the Earth is at 
A, and the angle x B y, when the earth .is at 
B, and from the difference of these angles the 
parallax of the Earth’s annual. orbit may be 
easily deduced, upon the supposition that the 
distance of the stars is. proportional to their 
magnitudes. When the two stars are within 
a few seconds of each other, it is manifest that 
their distance cannot be sensibly altered _ by 
any variations-in the refraction of the atmos- 
phere, or by any error in their aberration; 
and, therefore, a double star should be chosen 
in which the distance between its two com- 
ponent stars is very small, If the star y had 


_ been nearly of the same magnitude with x, its” 


_ position would have been somewhere about z, 


——. 


at nearly the same distance from the Earth; 
so that the angular distance of the two stars 

old only have been x B x, when seen from 

B, which is much less. than the angle x By, 


f wher the star y is small, and, consequently, aty 


a much greater distance fom ath 
Aa 2 


Rater | 
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ah Bs meen ingenious. as it is,: does not 
seem to have ted Dr. Herschel to any accurate 


~ results ceepeching, the parallax | of the stars. 


The numerous observations which he has made 
on double stars seem rather to indicate that 
the smaller of the two performs a revolution 
round the greater; and-that a variation in 
their distance may arise from another cause 
than the annual motion of the earth. Dr. 
Brinkley of Dublin has very recently ( Phil. 
Lrans,.1810, Part I) found a parallax of 2+ 
seconds for a, Lyre; but we are informed by 


~ Mr. Gi -combridge, that this result is not con- 


ormable to the numerous observations which 
¢ has made on that star. | 

It appears, therefore, from all the observa-. 
tions that have yet been made, that, though 
the parallax of the fixed stars is completely 
undetermined, it can scarcely exceed a single 
second. A conclusion similar to this has been. 
obtained by the late Reverend Mr. Michell, 


, from considering merely the quantity of light 


which they emit, and the peculiar” circum- 
stances of their situation. In this investiga- 
tion, Mr. Michell supposes the stars to be, at. 
a medium, equal to our Sun in magnitude and 
natural brightness ; ; and that Saturn, exclusive 
of his ring, emits as much light as the most 
luminous fixed star. Now, the distance of 
Saturn being 2,682 of the Sun’s semidiameters, 

the density of the Sun’s light at Saturn will be 
less than at his own surface, in the proportion of | 

the square of 2.082 to 1, or in the proportion of | 


- 4,834,724 tol. But the diameter of Saturn is 


only the 105th part of that of the Sun; and, 


therefore, the lights which he emits must be di- 
minished in the proportion of the square of 105, 
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to L, or as’ 11,025 to 10. By multiplying | CHAP. 
these numbers together, we shall find that the 
whole light of the Sun is to that of Saturn as 
48,400,000,000 to 1, or as the square of 
220,000 to 1; consequently, if the Sun were 
removed to 220,000 times his, present distance, 
he would still appear as bright as Saturn, and 
the parallax of the Earth’s annual orbit would 
be less than 2 seconds. But we have suppos- 
ed that Saturn reflects all the light which falls 
upon him, which is very far from being the 
case. It is probable that one- fourth or one- 
sixth part of it is absorbed 5 and, therefore, we: 
must increase the. distance already colada” 
in the ratio of 2 or 2% to 1, which would make 
the parallax of Saturn, when removed to that 
distance, less than 1 second. “Upon the suppo- 
“sition, therefore, that the hight of Saturn is equal 
‘to that of the brightest fixed star, and that the 
magnitude of this star is eqtial to that of the 
Sun, its annual parallax ought to be less ae 
one second. 

If we suppose, that the parallax of tHe Distance of 
nearest fixed star is 1’”, and that the mean dis- the st 
tance of the Earth from the Sun is 95 ,000,000 
-miles, we shall have a right angle ‘triangle, 

‘whose vertical angle is Vv, and whose toa 

is 95,000,000 ° pera ~ to find “its sides” 

the distance of eho star, which will ile 
~20,159,665,000,000 miles, or 20 billions of | 
miles, a distance through which light’ could 
*mot travel in less than. three years. “IF the 
brightest star in the heavens is placed at such 
an immense distance from our system, what 
an immeasurable interval must lie between 
us and those minute stars, whose light is 
scarcely visible in the most powerful teles- 


~.GHAP, 
x. 
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cope! Some of them, perhaps, are so. remote, 
that the first beam. of light which they sent 
forth at their creation, has not yet arrived with- 
in the limits of our system ; while other stars 
‘which have disappeared, or have been destroy- 


_ ed for many centuries, will continue to shine. 


in the heavens till the last ray which they 
émitted has reached our Earth. ,. 


| Pt yper Motion of the Fixed Stars. 


Onthepro- In the third supplementary chapter. of this 


per motions volume, p. 207, &c...we have already stated, 


of the stars 


‘that the solar system is advancing towards the 


constellation Hercules. From this motion of 
the system in absolute space, it is obvious, 
that the stars in that constellation must ap- 
pear to recede from each other; that those in 
the opposite part of the heavens must appear 
to approach; and that the intermediate stars 
must have motions corresponding to their si- 
tuation, with regard to the direction in which 
the system moves; in the same manner: as 
when walking through a forest, the trees to 
which we advance are constantly widening, 
while the distance of those which we leave 
behind is gradually contracting. This mo- 


tion of the fixed stars, from which the ad- 


vancement of the solar system has been dedu- 
ced, is called their proper motion. It was first 
observed by Halley, and afterwards by Le- 
monnier and Cassini.. Tobias Mayer had the — 
merit of giving the first explanation of this 
proper motion; but it was reserved for Dr. 
Herschel to point out the.quarter of the 


oy 
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heavens to which the solar system was ad- cHap. — 
vancing. — | Wien 
The following table contains the proper 
motion of 36 of the principal fixed stars in» 
right ascension «and declination, according to 
the accurate observations of Dr. Maskelyne: . 
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car, Taste of the Annual Proper Motion of 36 Sap 


*> 


ca 


nae ; 


ae ee iper, motion in} **** 
chi NE Dh aN ose. Tight ascene [cali 
Names of the Starse bh se ba Sion ereaGion. 
A = C | sooty 
y Pegasi .. jes Z| —0.09 0.15 N- 
« Arietis... ~6 | 23 |. --0.10 | +007 5 | 
w Ceti ..-sem-.f 2; —O.12 | —0.08N 
Aldebaran ..... | 1} +4003 | +0125 
Capella. 2s ee 1 | 0.21 — £044 S: S #4 Sis 
es Revrel si ip haek Aas Ed  HOL08 AO eas 
Bre AUey | Se oh 2} $0.01 | 40.10 5 
@ Orion +. .4- i $0.01 | —0.13 N 
| Sirius Ate eee 3 —O0.42 | 41,04 5 | 
Castor... 2+. 2-|. 0:15 sei. 4 S 
Procyon vw eens 12); 9.80. 
Pollux we 2) OTS 
cee L yeas eal otis eiante 8 2] —0.09° 
Regulysaes «+ sii 1} —0.22 . 
B SerOminy vite. ete . 1.2 | '—0.57 
8 Virginis pe wae ea 3° port | Loe 
Spica Virgiuis .. - 1} —-0.02 
eC Rn ruse (Nee e Yas 1 | --+-1.26 
: a Libre’. . + } is bana 
a Cor. Bor. eli dyn, 6.3 40.2 
a - Serpentis Pe iene IH 2) +011 
A MCATES Pe tee fess 1 0.00 
@Fierculistiny 0s. thes 0.00 — 
ez Ophiuchi ..... | 2]. .--0.06 
PAV Tai sinus ai ciumieiys 1} 40.23 
ae) 3 | -—0.14 
le ¢ Aquile ..., } 1.2] 40.48 
& § i [3.4 1° -=90.08— 
| ys « Capricorni 7 : ae 
Ee OT A ee 1.2} 0.08 
a& Aquarii ® o 8 $ { —0.08 
Fomalhaut .. 1.2) +0.35 
BSP yaa . 2}; —0.06 : 
w Andreomede .... 2) +0.08 | 4.00658 
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In the following table we have given the CHAP. 
‘Btopoglaniad of 9 principal fixed stars in. 
longitude. and Jatitude, according to the most 
recent observations of, Dr. Maskelyne, includ. 
ing: Gah Shia ninsivd ees presi ed SE be 


ii 
‘ser tos & 1 


| Annual varia- 
\ tion of lati- 
tude. 


Nenbal increase 


_ Names of tha Stars. satis cs 
1. APLOIN Bere of longitude. 


P - a a 
pi o> ty ¥ if 


rf a , Arictis ss fis Haten Aa: ‘ys m : 
= 5 eedaearan’t ae ’ 50.204 an = Oude } 
\ Pollux: SIP ae Pe ES ATO 4.0280 | 
© Regulus f ~ «| 50.004 -+ 0.260 
"Spica Virginis. be 50.059 +0.080 4. - 
Antares wy big | 50.141 | +L0.167). . 
@ Aquile 5 RA BABTO I WO.S72n 
| ‘Femalhaut eee he 5D.7 17: + 0.013 
| o @ Pega ee ee |) 90.133, | Lie a 


) 


cal tig: ‘On New and Paphibie sey 


“While the apparent places of the: ees ‘stars On variable 
-aré. thus constantly. changing, many of:the ** 
stars themsélves seem to be ‘aflected with: va- 
riations of a different kind, arising either from 

some peculiarities 4 an their physical constitu- 

tion, or from some great changes going on upon 

their surface. Several stars have appeared in 

the heavens: for. a while, and then vanished. 
Several, whose positions are given in the an- 

cient catalogues, can no longer be discovered, 
even by the powerful instruments of modern ee) 
astronomers ; while others are distinctly visi- | 5 
ble, which do not appear ‘to have been observ- — | | 


. 


Pee * aa} Ne a Poe 


‘CHAP. 


Theory of 
variable 
‘stars. 
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ed by the ancients. A few stars have gradu 
ally increased in brilliancy; some that have ~ 
been formerly variable, now shine witha stea-. 


dy light; others have been constantly dimi- 
nishing in bri ghtness ; anda considerable num- 


ber sustain a periodical variation in their lus- © 
tre. The new star of 1572, which Tycho ob- 
served in the constellation ‘Cadi iopeia, exhibited 
very singular changes. Its brightness sudden- 
ly became § at, that it exceeded that of 
Venus and ury, and was visible on the 
meridian during the day. The intensity of its 
light gradually diminished, and it. disappeared 
sixteen months after its first appearance. The 
new star in the constellation Serpentarius- 
which was seen in 1603, exhibited phenome- 
na nearly similar, and vanished, after Shite 
been visible for some’ months.. | 
Astronomers have attempted to githat these 
remarkable changes, by supposing, that por- 
tions of the surface of the stars are covered 
with large black spots, which, during, ‘the di- 
urnal rotation of the star, present themselves 


under various angles, and thus produce a gra- 


dual variation in its brilliancy.. These spots 


have been regarded by some as permanent; 


while others are of opinion, that the luminous 
surface of the stars is subject to perpetual 
changes, which sometimes increase their light, 
and at other times extinguish it. M. Mau- 
pertuis* has explained these phenomena with 
less plausibility, by supposing, that in conse- 
quence of ‘a rapid rotation about their axes, 
the stars are reduced to flat circular planes, 


‘ 


® See Vol. I. p, 428. Notes 
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like millstones; and that the inclination of 
their axes may be varied by the attraction of 
their surrounding planets. Hence, stars -of 
this form will appear more or less brilliant ac- 


CHAP, 
x. 
Cee penned 


cording to the inclination of their flat side ta 


the eye of the observer. ' The periodical vari- 


_ ation in the light of the stars has also been 


\ 


ascribed to the interposition of the planets 


- which circulate around them ; but it is by no 


means probable, that these , 
they do exist, are sufficiently re to obstruct 
any large portion of their light. .Even when 
seen from the Earth, the light of our own Sun 
is not sensibly impaired when Mercury and 
Wenus are passing over his disc. 

The ingenious Mr. Pigott has ventured a step 


anets, even if 


Pigott’s 


farther than any of his predecessors inthis branch theory of 


of astronomy. In his investigation of the phe- 
nomena exhibited by the variable star. of So- 
bieski’s shield, the periodical changes of which 
are affected by very singular anomalies, he 
supposes, that the greater part-of its disc is 
unenlightened; and that a few luminous spots, 
placed at certain intervals, produce, by the 
rotation of the star, all the variations which 
have been observed. Mr. Pigott supposes, 
that the body of the stars is dark and solid; 
that their rotation on their axesis regular; and 
that the surrounding medium is occasionally 
generating and absorbing its luminous. parti- 
cles, by a process similar to what Dr, Her- 
schel supposes is going on in the atmosphere 
ofthe Sun. He imagines, that these lumin- 


the varia~ 


ble star in 


Sobieski’s 
shield, 


ous particles are sparingly dispersed in the at-_ 


mosphere of the variable star of Sobieski, from 
the circumstance of its diminishing, even to 
the 9th magnitude ; and as the duration of its 


ee ll 


cH 


= 
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. full lustre continues only about 9+ days, while 


.., it performs.a complete rotation in 62. days, 


he considers the luminous spots to be some- 
what circular, and of no great extent. Since 
this small portion of light may naturally be 
supposed to diminish and finally disappear, Mr. | 
Pigott imagines, that this may have been the 
cause of the disappearance of the new ‘stars of 
1572 and 1604. Hence, he concludes, that | 
there are others which have never shewn a 
ess; and that there are ‘ pri- 
bodies; or unenlightened stars, 
‘ that have ever remained in eternal darkness,’ 

Following out this notion, Mr. Pigott con- 
ceives, that clusters of these dark: bodies may | 
be’ found, and, by intercepting ‘ all more 
‘ distant rays,’ may appear like dark spaces 
in the heavens, similar to what has-been ob- 


served in the southern hemisphere. ©. 


‘The number of stars which are. ascertained 
to be variable, amounts only to 15; while those 
which are suspected to be variable, amount 
to 87. With an account of their positions 
and variations we shall conclude this section, 


i STARS ASCERTAINED TO BE VARI ABLE, 
Op Nee Star ofl 1972 11 Cassiopeia. | 


R. Asc. 1786, oO 137 0’’. Decl. N. 6: 58°, 
Greatest and least mag. 1—0O. Period 150 
years: 

The period of bhiis star is merely 4 a conjec- 
ture of Keill and other astronomers. It did 
not appear at the end of this period; but this: 
might arise from itshaving, like other variable 
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stars, ba sty degrees 6s lustre at different cHaP. 
periods. Ay | a, 
AD iy 0 In the Whale. | 


OR: ct 1786, gh s/ 33", Dicky S. 3°. 57! 
25/7, Greatest and least mag. are Period 
334 days.) Spe 

This period was deusdaetl by. Cassini. 
Mr. Goodricke saw this star of he 2d magnitude 
on the 9th August 1782; andon December 
30, 1782, Pigott saw it of the 8.9th magnitude. 
Dr. Herschel makes its period 621° Lo! kG. 


Bs Algol, or B Perieuc, | 


R. Asc. 1786, 2" 54’ 19’, Decl. N. 40° 6” 
55’. Greatest and léast mag. 2—4. Period 2* 
208 48/ 58!" 7, 

_ This period was determined by Wurm from 
15 years observation. Montanari © first: ee 
served the variations of this star. Maraldi, 
1698, could not perceive any change in its 
brightness ; ; but in 1694, he found that it va- ’ 
ried from the second to the fourth magnitude. 
_Mr. Goodricke of York was the first who dis- 
covered its period, which he found to be 2? 
20° 48’ 56’’, He found that its ‘brightness, 
when at its minimum, is different in different 
periods; and Pigott is of opinion, that, at its 
maximum brightness, it is° sometimes more 
luminous than «, Persei, and at other times 
less brilliant. | | 


4s, 420th Star in Bayer’ 5 Catalogue, situaicd 
in the Lion. 


R. Asc. 1786, 9° 36’ 5/7... Deol. N. 12?.25" 
oO’, Greatest and least mag. 6—O, 


— 
lige 
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This star was discovered to be variable by 
M. Koch. In February,1782, he found No. 
419, and’ No. 420, of the same magnitude, 
and, therefore, of the 7th. In’ April 1783, it 
appeared of the 9th magnitude, and in April 
1784, of the 10th. Pigott could never see this 


star, So > that it must have disappeared. 


5. Star in Hydra, as-far East of a as He is West 
of y: it is ‘* ow Hydra of Hevelius, and 
probably the Farst of the Balance, according 

to Fiamstend i 


R. Asc. 1786; ‘1g 18" 4’, Decl. §. 00° gf 
$38’. Greatest and least see 4—O, _ Period 


494 days. 


Maraldi discovered this stir to ie ua anete 
in 1784, and made-its period 2 years. Ac- 


cording to Pigott, it is of the 4th magnitude 


when at. its full brightness, and suffers no per-~ 
ceptible change for about a fortnight. ‘It takes 
about six months to increase from the 10th to 
the 4th magnitude, and about the same time 
to return to the 10th: hence, it may be re- 
garded as invisible to the naked eye during 


six Months. The time of its increase is one-  ~ 


half quicker than the time of its decrease ; and 
it does not always reach the same e degree of 
brightness. , 


6. New sae of 1604, in the East Foot of Ser- | 
sepa tort 


RewAsc.ob7)) 184.04) 1 Dech, S. eat ror Bo". 
Greatest and least mag. 1—0. 

This star was seen by Kepler on the 17th’ 
October 1604, and exhibited almost the same. 


ake 
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ae as that of 1572. On the $d Ja- CHAP. 


nuary 1605, it began to diminish, and it ceas- 
ed to be visible on the 18th October. 1604, by 
the approach of the Sun, and has, not even — 
been seen, though Mr. Pigétt has “examined 
that part of the heavens with great care since 
1782. Kepler has given a full account of it 
in his Treatise De pies Nova in Pede Serpen- 
$APR as i / . 


ee ae 


R. Asc. 18° 42’ 11”. Decl..N. 33° 1! 46’. 
Greatest and least mag. 3-—4.5. Period 64 9°. 

The variations and period of this star were 
discovered by Mr. Goodricke. The period is 
not accurately ascertained, of i a 


38 New Star of 1670, in the Swan's Head. 


R. Asc. 19" 38’ 58/’.. Decl. N. 26° 48’ 80”, 
Greatest and least mag. 3—O. 


This star was discovered by Don Anthe!me | 


on the 20th June 1670. .It soon reached the 
3d magnitude, and disappeared, after several 
variations, in 1672. On the 10th August, it 
had decreased to the Sth magnitude, and was_ 
observed of the 6ih magnitude by Hevelius in 
the years 1671, 1672. Since that time it has 
not been seen, though Pigott believes that he 
could have detected it, had it reached even the 
10th or the 11th magnitude. See Phil. Trans. 
No. 65. 


9. n, Antinot. 


R. Asc. 19" 41/ 34/’, Decl Ni. 0° 28° 1a", 


* 
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CHAP. Greatest and least. magnitude BARS. isi 
rd 4b 15’. i ; yi 
ea A ; 
The variations we petal a men star were 
. discovered by Pigott. It continues:40 hours 
at it ¢reatest brightness, 30 at its least, 66 om 
its decrease, and 36 on its increase. “Tts maxi- 
mum and minimum brightness seem to bevuni- 
form. , i, 
10. x tn the Swan’ s Neck: * 
R. Asc. “4, Bit Decl, N. 32° 22 58/7, 
Greatest and least magnitude 5-0. _ Period 
396" ai, a ; 
The variation of this star was atone by 
Kirch in 1686. Maraldi Cassini and M. Le 
Gentil made its period 405 days, from- which 
circumstance Pigott’ concludes that its period 
is variable. According to Pigott it continues 
a fortnight at its full brightness. It takes 
about 33 months in increasing from the lith 
magnitude to its maximum brightness, and in 
decreasing to the 11th magnitude - again. 
‘Hence it may be regarded | as invisible for 
months. When at its greatest brightness, i. 
is sometimes of the 5th, “and, at other times, of 
the 7th pnaentalges 


als eM sae y, in the Swan's Breast. 

R. Asc. 208 9’ Al Decl. N, 37° g9/ gy’. 
Greatest and least magnitude 3—0. Period 18 
years. 

This. star was observed by Jansonius and 
Kepler in 1600. . Fromthe observations made 
in the 17th century, Pigott concludes, that it 
continues about S:years at its full brightness ; 


, 


* 
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that it decreases rapidly during 2 years; that CHAP: 
it is invisible to the naked eye during 4 years ; ales 
_and that it increases slowly during 7 years. At 

the end of the year 1663 it was at its minimum 
brightness. From November 1781 to 1786, 

Pigott always saw it of the 6th magnitude, 

though he suspects, that, in 1785, “hia it had. 

rather decreased, _ 


12. 3 Cephet. 


R. Asc. 22" 21’ 0’, Decl. N. 57° 20’ 0”. 

Greatest and least magnitude, 4.3—4.5. 

Period 5¢ 8" 3734’, 

The variation and period of this star were 
discovered by Mr. Goodricke, and the period 
which he found has been confirmed by Mr. 
Pigott’s observations. Its variations are not 
easily seen unless at its minimum and maximum 
brightness. 


13. 64, or « Hercules. 


QR. Asc. be 4! 54/", Decl. N. 14° 38’. 
Period of variation 60% days. _ 
The variation and period af this star were 
discovered by Dr. Herschel, by comparing it 
with x Ophiuchi. 


14. A Star in Sobieshi’s Shield, having bay 
the same right ascension as the Star I, and 
sttuated about a degree farther southe 


R, Asc. in 1796, 18" 36’ 38’. Decl. S. 5* 56’. 


. Greatest and least magnitude, 5—-7.8. 
a Period 62 days. 
Vo. Li. Bb 
= 
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The period and variations. of this star were 
discovered by Mr. Pigott, who has endeavoured 
to exhibit, in the following Table, the result 
of two sets of observations, made’ at different 


! periods. : 


Observa- Suceeeding Mean re- 
tions of jobserva= | sults. 


Rotation on its axis, 7 

Duration of brightness at 
its maximum without,any] — 
sensible change, - 

Dittowhen it doesnot reach] 
its usual brightness, 

Duration of brightness at 
its minimum without any 
perceptible change, 

[Ditto when it does notreach 

“its usual minimum, - 

Time employed in décreas- 
ing from the middle of its 
maximum to the middle of 
its minimum brightness, 

Timeemployed in increasing 
from the middle of its mi- 
nimum to the middle o 
its maximum brightness, 

Extremes of its different de- 
- grees of brightness, with] 
‘a mean of its usual varia- 
tions, = 


The mean results in the last column are com- 
puted ' proportionally, according to the number 
of observations from which the results in the — 
preceding columns were a trare 
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15. Star in the Northern Erown, ranked of the CHAP, 
sixth magnitude by Bayer, but omitted in 


* Flamstead’s Gatelog wes 


R, Asé. i in 1796, 15" 40! 11, Decl. N. 28° ; 


4.97 300", 
Greatest and least magnitude, 6, "0. 
Period, 102 months, 
Mr. Pigott suspected this star to be variable 
in 1783, and his: suspicions were confirmed in 
the spring of 1795, when it was invisible. On 


the 20th of June of the same year, he saw it of 


the 9.10 magnitude. In the space of six weeks 
afterwards, it had attained its full brightness, the 
middle time of which was the 11th August 1795. 
Tt was at that time of the 6.7 magnitude, and 
continued so for about three weeks. « dt. .then 
took 32 weeks in decreasing to the 9.10 ma: 


sane and it disappeared a few days heen 


In April 1796, it again appeared. On the 7th 
_ May it reached the 9.10 magnitude, and in- 
creased nearly in a similar manner as on the 
20th June 1795. In a subsequent period, it 
exhibited great unsteadiness at its maximum 
brightness. It then increased, as before, with 


tolerable regularity, till it reached the 7.8 mag- 


nitude, when it kept wavering between these 
two magnitudes till August 1797. 


II. sTARS SUPPOSED TO BE VARIABLE, 


i. Hevelius’s 6 Cassiopeia. 


R. Asc. 0" 29/ 16”. Deck. N. 60° 50’. 
Greatest and least magnitude, 7—0, 
Mr. Pigott observed in 1782. that this. star 
was missing ; and he could not find it in 1783 
and 1784. ‘ 
3 Bb 2 


~\ 
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9, 46, or 2 Andromede. 


R. Asc: 1* 9/ 46/7, Decl. N. 44° 24/, 
Greatest and least magnitude, 4.5-—5.6. 
According to Mr. Pigott, this star was, in _ 

1784 and 1785, less than Us equal to Wy and 
brighter than d and x. It is marked in his 
journal as sometimes brighter than o, and at 
other times less bright. 46 and 2. Andromedz 
seem to be’ different stars. 


3. Flamstead’s 50, or » Andromeda. 


R. Asc. 1° 24’ 16/7. Decl. N. 40° 20’ 15’. 
Greatest and least magnitude, 4.5—0. 
; ee j 
4, Hevelius’s 41 Andromeda, which is probably 
the same with 'T ycho’ s 19 Andromede. 


Some of the stars beside the two preceding 
are said by Cassini to. have disappeared and re- 
appeared. In 1783, 1784, and 1785, Mr. Pi- 
gott observed their brightness to be as in the 
following Table. e 


Flamstead’s 50, of the 4.5 aetna and per= 
haps rather less than 9 Andromedz.- 
Flamstead’s 7, of the 5th magnitude, and equal 
to 46 and 48 Andromede. 


Flamstead’s 49 + Of the same brightness, and of 


‘the’s. 6 magnitude. - 


sername, 
Hevelius’s 41 


4A star between Hevelius’s 41 and Flamstead’s 
521 is rather less than the 6th magnitude, - 
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5. Lycho’s 20 Ceti, probably x in the Whale’s cua. 
‘ae Belly. Or 
~ R, Asc. 1" 39’. Decl. S. 13° 207." 
_ Greatest and least magnitude, 5—0. 
This star had disappeared in the time of He- 
velius. x Ceti is of the 4.5 magnitude, and of 
the same brightness as the three ) Aquarii. 


6. Flamstead’s 55 Andromede, marked Neby-« 
lous in his Catalogue. 


R. Asc. 1° 40’ 30’”. Decl. N. 390 40’ 3’, 

. Greatest and least magnitude, 6—0. 

This star appears nebulous, in consequence . 
' of some small stars which are near it, but is 
not really so. Pigott and Hevelius observed it 
to be a star of the 6th magnitude. : 


a is or the 17th Eridani, according to Ptolemy 
and Ulugh Beigh. 


ie tisey. 2 40". Decl 5.9%. 40%. 
» Greatest and least magnitude, 4—0. 

In 1691 and 1692, Flamstead could not see 
this star. In 1782, 1783, and 1784, Pigott ob- 
served in this place a star of the 7th magnitude, 
which did not exhibit any variation of bright- 
‘ness. It always appeared less than two little 
stars near and below 1 Eridani, 


8. Flamstead’s 41 Tauri, the 26th of Ulugh 
Beigh, and the 43d of Tycho. . 


R. Asc. 3° 53’ 27. Decl. N. 27° 0! 39”. 
Greatest and least magnitude, 5—8. 
This star, which Cassini suspected, without 
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i Ce ip, much reason, -to be new!and. variable, was seen 
_  *% by Ulugh Beich and. Tycho. In 1784 and 
| oS 1785, Mr. Pigott found it of the 5th magni- 
9)» tude, equal to 3, and brighter - than |, P, and 
x Tauri. Hevelius makes it of the Sth, and 
: Flamstead of the 6th Tigpmittides: i ey aa 


9. Star 2° 15/ “north of 53 ‘Evidani a 


SRR 4° 99". Decl. S. 12° 30’. 
Greatest and least magnitude, 4—0, 
Cassini believed that this star was a new one, 
and was not visible in 1664. In 1784, Pigott 
observed it’ to be less than # and d, brighter 
than * and equal to ¥: Eridani. | 7 


10. Flamsteat’s aT Brian, : 


R. Asc. 4° 23/ 5A, Decl. S.. 8° Al’ 40”. 
Greatest and least magnitude, 4—0, 
This star was also supposed by Cassini to be 
anew one. In 1784, it appeared to Mr, ee 
less than 46 Eridani. 


bi 


11. y of the Great Dog. 


Re Ase. 6h 54" 670" Deak. St 157 19 S6"", 
~ Greatest and least magnitude, 3—0. _ 

Tycho, Bayer, Hevelius, and Flamstead, mark 
this star as of the 3d magnitude. It was invi- 
sible in 1670, according to’Maraldi and Mon- 
tanari; but in 1692 and 1693, it eta of 
the 4th magnitude. Mr. Pigott has observed it 
frequently since 1782, but never perceived the 
least variation. It was always of the 4th mag- 
nitude, “a little brighter than %, and decidedly 
brighter*than + La Caille also makes it of the 

ees Ath magnitude. 
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debe O42, Pollux, or B Gemini. — 
AR, Asc. 7° 32’ 11%, Decl. N. 28° 31’,38”, 


Greatest and least magnitude, 1—3. 
_ Mr. Pigott observes, that if either Castor or 


Pollux have varied in ‘lustre, it is ‘probably the 
latter...In the!,years 1782, 1784, and 1785, 


Pollux was undoubtedly: brighter than «Castor. 


CHAP, 


Heyelius: makes.them both .of the 2d magni. . 


tude. Flamstead makes Castor of the Ist, and 


Pollux of the 2d magnitude. La Caille makes 


Castor, of the 1.2, and Pollux of: the 2.3 mag- 


nitude, and Bradley makes them both of the Ist 


magnitude, , 
ox 18. pear vee 


-R- Asc. 9*.20' 4”, Decl,.N. 12° 14’ 23/’, 
. Greatest and least magnitude, 5.6—0. . 
Tycho, Bayer, Flamstead, Mayer, and Brad- 
ley, have-all marked this star of the 4th mag- 
nitude.” It could scarcely be..seen by Maraldi 
jy Montanari in 1693. In 1783, 1784, and 
1785, Pigott saw it always‘of the 5th magnitude, 


less than A and 7, and perhaps rather paeuter 


than ‘ and « Leonis. 


ae + Leonis, 


oR. Ascu8*.89' 8”. DeclN. 42 50’ 36/’. 


_ Greatest and least magnitude, 5.6—O.. . 
_ This star is said to have disappeared in 
1667, when it was seen by Montanari. Ma- 
raldi observed it in 1691, when it was very 


small. From 1784 to 1786, Pigott saw it al- 


ways of the 5.6 magnitude, less than o, and. 
brighter than a Flamstead’s 46th, Hevelius 


CHAP. 
“Canty 
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makes it of the 5th, and Mlamstead of the 6th, 
magnitude, | 


15. 25 Leonis. 


R. Asc. 9" 46’ 8/”. Decl. N. 12° 20" 36”. 
Greatest and least magnitude, 6.7—0. 
{in 1783, Mr. Pigott discovered ‘that this star 
was missing. He could Not see it in 1784 — 
1785. 


16. Bayer’s sz Leonis, and Tycho’s 16 Devise 


R. Asc. ge po Sore Decl. N. 15° 80’. 
Greatest and least magnitude, 6—O. 
This star was invisible in 1709 ; but near its 
place were perceived eight other stars, to be 
found in no catalogue. Pigott could not see it 
in 1785. It is not the 2 Leonis of other cata- 
logues. ies 


17. o Great Bear. ‘ 
‘ ' Se 
R. Asc. 12% 4! 45”. Decl. N. 58° 13! 24, 


Greatest and least magnitude, 2-—4. 
This star is marked of the 2d magnitude by 


Tycho and the Prince of Hesse, while Heve- 


dius, La Caille, and Bradley, mark it of the 3d. 
From 1783 to 1786,.it appeared to Pigott as 


a bright 4th magnitude, rather less than 1, equal 


to «, and rather brighter than x Draconis. Flam- 
stead marks it of the 2.3 ssn ahr Py. 


1 8, n Virginis. 


RB ‘Ase. 128 7 49!" Decl. N: o° 24 16%, ° 
Greatest and least magnitude, 6—0. 
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This star, which is notin the charts of Bayer, CH4?é 
was observed by Ricciolus. Flamstead could = 
not see it on the 27th of January 1680, though wae 
he must have observed it on the 12th May 
1677, and some years .afterwards, as it is in 
his catalogue. Mr. Pigott examined it fre- 
quently in 1784 and 1785; but it always ap- 
peared of: thé: 6th magnitude, less than ¢, and | 
rather brighter than a star three degrees lower, 
in a right line with ¢ and n Virginis. Flamstead 
makes. it of the 6th, and Bradley of the 5th 
anagnituderiod ylce:aet hones cee 


ee Bayer’s Star of the 6th. magnitude, 1° south 
| of x Virginis. 


R. Asc. 12° 53’.. Decl. S. 10°. 
Greatest and least magnitude, 6—0. 

This star is the most southern of the two, x 
and g, which are placed under the south hand 
of the Virgin by Bayer and Flamstead. Ma- 
raldi could not see it, and Pigott looked for it 
in vain in May 1785. pity 


: “20. Star an the Virgin’s northern Thigh. 


R. Asc. 13° 297 +. Decl.S. 0° 30’ 

Greatest and least magnitude, 6—0.1 
Ricciolus marks this star:as of the 6th mag- 
~ nitude. Maraldi could not see it in 1709, and 
Pigott could not see it in 1785. — 


~» 21. 91 or 92 Virginis. 
R. Asc. 13° 43/43”. Decl. N. 2° 5’ 50”, 
_ Greatest and least magnitude, 6-—O., 
in 1785, Pigott found one of these stars mise 


CHAP. sing, which he supposed. to: be the. ol. The . 
x. 
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, remaining one is si the 6.7 ora 
22. a Draconis. Sail 


R. ee 13" 58! 36", Decl. N.. 65°: 24 8”, 
Greatest and least magnitude, 2—4, >. 

- This star is at present only of thei4th magni- 
tude, though Hevelius, Flamstead, and:Bradley, 
mark it of the 3d. “Mr. Pigott and Dr. Her- 
schel both think it to be variable. ‘The former, 
however, examined it frequently between Octo- 
ber 1782 and 1786, but never perceived any 
change in its lustre. It was: less ‘than s\Draco- 
nis, equal to § of the Great Bear, and rather 
brighter than « Draconis. © ia Caille marks 
it of the 3d arte patil! 


23. Bayer’ s Star. in the West Seales of Libra. 


R. Asc. 14° 58! 30/, “Deut S. ‘18? 26". 
Greatest ‘and least: magnitude, 4—'7. 
Maraldi could not find this star, and Pigott 
looked for it in vain in 1784 and 1785. In this 
place there are several. small: stars; of about 
the 8th magnitude, none of which, according to. 


| Pigott, are near as bright as the adv. Libre. 


24. Ptolemy and Ulugh Beigh’s: ‘No. 6 of the 


— Stars 1 mn Libra. 


R. Asc..15 n 99/ +. Decl. S. 20° 30’. 
Greatest and least magnitude, 4—’7. 
Though this star is marked of the 4th mag- 


nitude, it does not appear in-any modern cata- 


phen’ In bh 85, Mr, Pigott Poa observed a 
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a star of the ‘7th magnitude very, near its place, CHAP. 
ess than Flamstead’s 41... 9. . 
ratheae ss ea ie ky, 


(25. x Inbree.. 


R. Asc. 15° 29’ 39. Decl. S. 19° 58’ 27/7. 
Greatest and least magnitude, 4—5. 
_. Tycho and Bayer mark this star as of the 
4th magnitude. Hevelius says that it had dis- 
appeared. During the years 1783, 1784, and 
1785, Pigott found it always of the 5th magni- 
tude, less than {or 6, equal to a, and brighter 
than», Flamstead marks it ee the 4th magni- 
tude. | 


26. Tycho's 11 Libre. ony 


R. Asc. 15" 37’ 30”. Decl. S. 19° 30’. 
Greatest and oa sc enn 4—0, 
Hevelius and Pigott could not find this star. 
The latter thinks that it never existed, and that 
it is the x, with an error of 2° in longitude. 


27. 33 Serpentis. 


‘R. ‘Asc. 15" 38’. Decl. N. 17° 14’, 
Greatest and least magnitude, 6—0. 
_ In 1784, Pigott found that this star was miss- 
ing, and he could not see it in 1785, with a 
night-glass. é 


28. Bayer’s Star, near ‘ of the Great Bear. 


R. Asc, 16°15’. Decl. N. 82° 45”. 
_ Greatest and least magnitude, 6—0. 
“This star could not be seen by Cassini. Pi- 
gott found no star near the brighter than the 
7.8th magnitude, 
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» Crap, 29. p, or Ptolemy and Ulugh Beigh’s 14th of 
( Ophiuchus, or Hlamstead’s 36th, 


Bela 
R. Asc. 17° 2°14". Decl. S. 26° 15' 37”. 


Greatest and least magnitude, 4—0. 

x ",’ This star is said to have disappeared before 
1695. Hevelius could not find it. In 1784 
and 1785, Pigott saw it of the 4.5 magnitude, 
much brighter than 39, rather brighter than 
51 and 58, and less than 44. On the 30th 
June 1783, Pigott marked it in his journal as 
ia to 30, and less than 51 andes oh 0% 00 


_ 80. Prolemy $ 18th Ophiuchi. 


Ro Ase ry 1s, Decl. S. 20° 35’. 
Greatest and least magnitude, 4—0. . 


31. Ptolemy's 18th Ophiuchi. 


R. Asc. 17" 22’. Decl. S. 24° 10’. 
Greatest and least magnitudes, 5—0. 
The two preceding stars seem to have disap- 
peared. Mr. Pigott, however, thinks that the 
13th Ophiuchi is. Flamstead’s 40th, and that 
the 18th Ophiuchi should be marked with north, 
instedd of south, latitude, which would make 
a are pe nearly with Flamstead’s 58th. 
SOs NG  Sagillarii. 
* 
R. Asc. 18" 49/. Decl. S. 26° 82! 34”. 
Greatest and least magnitude, 2——4. 

Dr. Herschel and Mr. Pigott agree in think- 
ing this star variable. In 1783, 1784, and 
1785, Pigott observed it of the 2.3 magnitude, 
and brighter than x Sagittarii. Hevelius makes 
it of the 4th, and La Caille of the 2.2 ae 
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183: 4 Serpentis 


R. Ase. 18" 45/35”, Decl. N. 8° 56/ 96”, 


Greatest and least magnitude, 4—5. 

‘Tycho, Bayer, Hevelius, and Flamstead, ob- 
served this star to be of the 3d magnitude. 
Montanari saw it of the 5th, and found it to in- 
crease in the following year. ‘In-1783, 1784, 
and 1785, Pigott observed it frequently without 
perceiving any change inits lustre. It was al- 
ways of the 4th magnitude, less than 3 Aquile, 
and P Ophiuchi. La Caille makes it of the 4.3 
magnitude. 


34. Tycho's, 27 Capricorni. 


R. Asc. 21" 41! 0%. Decl. S. 14° 28/ Oo”. 
Greatest and least magnitude, 6—O. 
This star could not be seen, by Hevelius, nor 
by Pigott in 1778, 1782, and 1784, with his 
transit instrument. . 


35. Tycho 22 Andromede, at the end of the 
chain. 


~ R,. Ase. 215 4g? 30". Decl. N. 49° 15', 
Greatest and least magnitude, 4—(, 
Cassini observes that this star was grown so 


small, that it could scarcely be seen. It should 


be near the two z Cygni, but Pigott could find 
no star in this place in 1784 and 1785. 


36. Tycho’s 19th Aquarii. 


R. Asc. 22" 25’. Decl. S. 15° 5a! Offs 
Greatest and least magnitude, 6—Q, 


CHAP.” 
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cHAP.  Hevelius remarks that this star was missing, — 


and that Flamstead could not see it with his 
naked eye. Pigott, who- could not see it in 
1782, is confident that it is the same as Flam- 
stead’s 56th, marked f by Pa from which it 
is only 1£° distant, | 


>. 


87. 6 Andromeda. 


R. Asc. 22" 526”. Decl. N. 41° 10 45%, 


Greatest and least magnitude, 4-6. 


~ According to Pigott, this star is less than ¢ - 
Cephei, equal to ¢ Cassiopeiz, or perhaps ra- 


ther brighter than it, and. brighter than A, x OF t 
Raper eee 3, 


38. La Caille’s 483 Ages 


R. Asc. 298 55’ 40. Decl. S. 8° 50/ 4501 
_ _. Greatest and least magnitude, 7—0. . 
Mr: Pigott found this star missmg in 1778, 
and he could not see it in 1783 or 1784, 


: air ere The following 13 stars are ranked by Dr. 
Dr. Her- Herschel among those that are lost, or have 


ache to be undergone some great Eo 


80 and 81 Hercules. 


These stars, though of the 4th magnitude in. 


Flamstead’s catalogue, are not to be found. 
71 ar NE 


This star is of the 5th magnitude in Flam- 
stead’s catalogue, but seems to be lost. 
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55 Hercules. a Gh i: SA, 
; | a 


This star, which Dr. Hevethel saw on ‘the 
12th April 1782, is now lost. | 


56 Cditcer: | 
This star has vanished, though it is of the 6th 
‘magnitude. ‘There is a telescopic star near its 
place. 
19 Perseus. 
This star of the 6th siniclide is lost. 
108 Pisces. 


This star of the 6th magnitude, n near the head 
ef Aries, is Rost 


73 and 74 Cancer. 


These two stars of the 6th magnitude, in the 
southern claw of the Crab, are either lost, or 
have suffered such great changes that va can 
no longer be found. | : ? 


g Hydre. | 


This star is lost. A star fst by it may 8 
the 31st Unicorn. If this last should be the 
8th Hydra, and a small star near it the 31st 
Unicorn, their magnitudes and places have un- 
: dergone a great ase | 


i 26 Cancer. 
Thisstar is lost. 
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Citar, . . . 62 Orion. 

— This stir is lost, and a star near the 54th 
and 5lst, is not noticed by Flamstead. 


$4 Berenice's Tair. 
“This star of the 5th magnitude i is lost. 


I9. Berenice’s ee: 
This star is either lost, or has moved and 
changed its magnitude. ' 7 | 


Staiswhice The following stairs are ranked by Dr. Her- 
| mete schel among those that have changed their "mage 
poses to _nituide since the time of Flamstead. 
have chang= 
ééd their 
Hiagn & Draconis is much fess than f, though Flam. © 


fade stead makes it smaller. : 
« Ceti is much less than.é Ceti, though Flam- 
stead makes the former of the ad, and the lat- 
ter of the 3d magnitude. 
¢ Serpentis is less than », though Flamstead 
makes them of the same magnitude. 
n in the Swan is brighter than x. 
The 2 of the Great Bear is of the 5th, and 
hot of the 6th magnitude. 
n Bootes is much larger than ¢. 
: Dolphin is much larger than x. 
é Triangle is much larger than «. 
y Eagle i is larger than £. : 3 
¢ Sagittarius is larger than $, Y and ¢, though 
poet as smaller. 
§ of the Great Dog is larger than &. 
n Serpent is much larger than ¢ 
x Beenie § is larger than U and ¢. 
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6 of the Little Horse is less than «. 

3 Dolphin is larger than «. 

« Bootes is larger than ¢. 

§ in the Arrow is larger than « and £. 

§ in the Great Bear is less than <, €, or». It - 
is only of the 4th magnitude, while these three 
are at least of the 2.3.. 

« Great Bear’ is much less than any other 
star marked, like it, of the 1,2 magnitude. 

The ‘Ist and 2d Hydre are only of the 8th 
or 9th magnitude, instead of the 4th, as they 
are marked by Flamstead. 

y Lyre is much larger than £. 

‘The 31st and 34th of the Dragon have chang- 
ed greatly. ‘The 31st has increased from the 
7th to the 4th, and the $4th has diminished 
from the 4.5 to the 6.7 magnitude, 

A4 Cancer is only of the 8.9th, instead of the 
6th, magnitude. 

96 Tauri is of the 8th, rather than. of the . 
6th, magnitude. 

62 Aries is of the 5th, and not of the 6th, 
magnitude. 

12 and 14 Lynx are just the reverse of what 
Flamstead has made them, the one haying 
changed from the 5th to the 7th, and the other 
from the 7th to the 5th, magnitude, 

38 Perseus, instead of the 6th, is equal to ? 
and x of the ath, magnitude. | 

§ Perseus is. flees than 7. 

§ Unicorn is less than 76 Orion, Avoids the 
former should be of the 4th, and the latter of 
the 6th, magnitude. | 

23 Gemini, though of the 5th, is less than - 
the 2ist of the 6.7 magnitude. 

26 Orion is either lost, or has diminished 
eas in magnitude, 

Vol. I. cabo, ey = 
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“acuap.' é Lion is ees than the 5th, though Flamstead 
x. makes it of the Ath magnitude. 


Stars that The following stars are inane by Dr. Her- | 

Sani be schel as among the stars that have recently be- 

come vie come visible. 

ear A star in the end of the tueras Tail, of the 
4.5 magnitude, is not recorded by Flamstead, 
though he notices the Ist of the Lizard. 

The star of the 8th magnitude, following 
z Perseus, is probably new. 

A star near the Head of Cepheus is not given 
by Flamstead. . 

A considerable star, in a eon from the 
68th to the 61st Gemini, is not in Flamstead’s — 
catalogue. 

A star of considerable brightness, preceding 
the Ist of the Little Horse, is not given by 
Flamstead. 

A considerable star, following the Ist of the 
Sextant, and another following the 7th, are not 
i Flamstead’s catalogue. 

A remarkable star between # and 3 Hydra, 
is not given by Flamstead.. 

A star nearly 1° 30’ north Rulccae § Her- 
cules, in the direction of 5 and», and of the 
4.5 magnitude, is not given by Flamstead. 

About 3° south preceding y Bootes, is a star 
of the 6th magnitude; and south preceding a, 
is another of the same size, not observed by 
Flamstead.* 


* See Phil. Trans. 1783, vole Ixxuli, p. 247, Kc. 
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4. On Single, or Insulated Stars.* 


By the name of insulated stars, Dr. Herschel CHAP. 
denotes those celestial bodies which are in a great __"~ 
degree out of the reach of the attractive force of 
other stars, such as our Sun, Arcturus, Capella, 
Lyra, Sirius, Canobus, Markab Bellatrix, Men- 
- kar, Shedir, Algorah, Propus, and probably 
many others. It is obvious that no two stars in 
the universe, can be altogether out of the sphere 
of each other’s attraction; but in the case of 
Sirius and our Sun, which, upon the supposi- 
tion that their masses are equal, and that the 
former has a parallax of 1’, would take 33 
millions of years to fall to one another by their 
mutual action, we are entitled to say that they 
are insulated. Insulated stars are considered by 
Dr. Herschel as the centres of extensive plane- 
tary systems like our own; an opinion which he 
deduces from analogy, and from the nature of 
other sidereal combinations. Instead of suppo- 
sing,’ therefore, as has generally been done, 
that every star in the firmament is encircled with 
planets, satellites, and comets, Dr. Herschel be- 
lieves that the insulated stars alone are surround-= 
ed with such numerous attendants. 


5.Of Double Stars, or Binary Sidereal Systems. 


A binary sidereal system, or a double star On Doubte 
pepe so called, is formed by two stars situ-°*"* 
ated so near each other, as to be kept. together 


- 


* In the remaining articles of this Chapter, we have 
followed the classification adopted by Dr. Herschel. 
Gc 2 
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a by their mutual gravitation, The two bodies may 
revolve round their: common centre of gravity 
in circles, or in similar ellipses, the dimensions 
of their orbits being proportional to their rela. 
tive quantities of matter. 

Two stars may have the appearance ie a double 
star, though they do not form a binary system, 
when the one is situated at an immense distance 
behind the other, but a little on one side of the 
line in which we see the first. They are in this’ 
case out of the reach of one another’s attraction, 
though i in the Heavens es appear to be con- 
tiguous. 

Dr. Herschel has. shown; that no two insu- 
lated stars can appear double to us, and that 
there are very many chances against the supposi- 
tion that the great number of double stars which - 
he has discovered, should only appear to’ be 
double in consequence of the one being situated. 
at a great distance behind the other, and out of 
the sphere of its attraction. Hence he concludes, 
that as casual situations will not aecount for the 
numerous phenomena of double stars, their ex- 
istence must be owing to their mutual shear 
tation. it 

This interesting conclusion, however, i is not 
founded merely on probabilities. From a series 
of observations on double stars, Dr. Herschel 
has actually found that they have changed their 
situations with regard to each other, that the 
one performs a revolution round the other, and — 
that the motion of some of them is direct, while 
that of others is retrograde. 

From the motion of our Sun in absolute space, 
it is natural to suppose that it performs a revo- 
lution round some distant centre; but Dr. Her- 
schel believes that the Sun does not belong to 
any binary system, and that its progressive mos 
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tion is owing to some perturbations arising from cyyap. 
the proper motion of neighbouring stars and x. 
SYSMMBM ho on] hing aah ec orca 
From a series of observations made during a 
period of twenty-five years, Dr. Herschel has 
found, that in more than 50 of the double stars, 
there is a change either in the’ distance of the 
two stars, or in the angle that a line joining 
- them forms with the direction of their'daily mo- 
tion, which he calls the angle of position. A 
_ few only of these interesting observations have 
been published. ‘They relate to six double stars, 
viz. « Geminorum, y Leonis, « Bootes, ¢@ Her- 
culis, } Serpentis, and y Virginis. — | 
Castor, or « Geminorum, was observed by Dr. castor, 
Herschel from the year 1778, to the year 1803. 
He never could perceive any variation in the dis- 
tance of the two stars, which was uniformly 12 
of the diameter of the large one. See Plate V1, Plate vr; 
Fig. 2. In the angle of gah however, a re-S4- Fig.2. 
markable change had taken place. In the year 
1779, November 5th, it was 32° 47’ N. pre- 
ceding,* and on March 27th, 1809, it had dimi- 
nished to 10° 53’, which was a decrease of 21° 
_&4/, in the space of 23 years and 142 days. 
‘From the measures of this angle, taken at inter- 
mediate times, it appears, that the angle of po- 
sition has suffered an irregular and gradual di. 
minution. In the year 1759, Dr. Bradley had 
observed that the line joining the two stars which 


ca 


_ * North preceding signifies that the smaller star is north 

of the larger one, and precedes it in their diurnal motion ; 
and north following denotes that the one is north of the — 
other, and follows it in their diurnal motion, South pre- |. 
ceding and south following indicate the same thing, with — 


this difference only, that the small star is south of the other. ‘ 


CHAP. 


Net me 
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form Castor was, at all times of the year, pa- 
rallel to the line joming Castor and Pollux, 
and Dr. Maskelyne had verified this result 
in 1760 or 1761. Sy this observation, Dr. 
Herschel has obtained an addition of 20 years 
to the period, and has found that the angle of — 
position must then have been 56° 32’ N, Pre- 


_ ceding. Hence, in the space of 43 years 142 


y Leonis. 


days, the angle of position has diminished 45° 
39’; and, from the regularity of its decrease, 
it is highly probable, that the orbits in which 
the two stars move round their common centre 
of gravity, are nearly circular, and at right 
angles to the line in which we see them; and 
that the time of a whole apparent revolution of 
the small star round Castor, will be nearly 342 
years and two months, in a retrograde direc- 
tion. | 

The distance of the two stars which compose 
the double star of y Leonis, has undergone a 
decided change from February 16th, 1782, to 
March 26th, 1803. From an immense number 
of observations it appears, that the two stars 
were, in 1803, one half of a diameter of the 
small one farther asunder than they were in 
1782, when the interval was = a diameter of 
the small star, with a power of 2010. The 
diameters of the two stars were as 5 to 4. The 
angle of position, on the 16th February 1782, 
was 7° 37’ north following, and on the 26th 
March 1808, it had diminished to 6° 21’ south 
following. From the interval between the two 
stars, the ratio of their diameters, and the va- 


riation in the angle of position, Dr. Herschel has 
_ found that the apparent orbit of the small star 


is elliptical, and that it performs a whole revo- 


t 
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lution in about 1200 years, ina retrograde di- CHAP. 
rection. — 

The beautiful double star of « Bootes is com-: Bootes 
posed of two stars, one of which is of a light 
red, and the other of a fine blue, having the 
‘appearance of a’planet and its satellite. With 
a power of 460, and an aperture of 6.3 inches, 
the distance between’ the two stars in 1781 was 
12, the diameter of the large star, and in 1808 
the interval had increased to 12 of that diame- 
ter. The ratio of the size of the stars is as 3 
to 2. On the 31st of August 1780, the angle 
of position was 32° 19’ north preceding, and 
on the 16th March 1803, it had increased -to 
44° 52’, which isa change of 12° 33’ in the 
space of 22 years and 207 days. From these 
facts, Dr. Herschel concludes that the orbit of 
the small star is elliptical, and performs its re- 
volution, according to the order of the signs, 
in 1681 years. 

The double star ¢ Hercules is composed of 2 Hercules, 
a greater and a lesser star, the former of which 
is of a beautiful bluish white, and the latter of 
a fine ash colour. On the 18th of July 1782, 
the interval between the two stars was one half 
the diameter of the smaller one, with a power 
“of 460. On the 21st July of the same year, 
their distance remained the same, but with a 
power of 987; they were one full diameter of 
the small star asunder. In 1795, Dr. Herschel 
found if difficult to perceive the small star. In 
the m&nth of October 1795, however, he saw 
-it distinctly, with a power of 460. In 1802, 
he could no longer perceive the small star ; but 
in a clear night in September of that year, with 
a power of 460, the apparent disc of ¢ Hercu- — 


“Ate 
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cuar. les seemed to be a little lengthened in one dis 

“AN . With the ten feet telescope, and 

et , rection. ee pe, and a 

; power of 600, it had the appearance of a length- 
ened, or rather wedge-formed, stars With a 
power of 2140, he again examined it on the 
11th of April 1803, and found the dise a little 
distorted ; but he was convinced that not more 
than three-eighths of the apparent diameter of 
the small star was wanting to.a complete occul- 
tation. The angle of position, on’ the 21st. 
July 1782, was 20° 42’ north following. — 

2Serpene ‘The double star of § Serpentis has, like ¢ 

i Bootes, undergone a considerable change in the 

‘angle of position, without any variation in the 
distance between the two stars. -On the 5th of 
September 1782, the angle of position’was 42° 
48’ south preceding; and on the 7th February — 
1802, it was 61° 27’ south preceding, having 
sustained a diminution of 18° 39’ in. the space 
of 19 years and 155 days. Hence the period 
of a complete revolution of the smaller star will 
be about 375 years. 

y Vitginis. The double star of > Virginis, whieh ae long 
‘been known to astronomers, is congposed of two 
stars, which Dr. Herschel at first ¢9 idered as 
nearly equal, though he has since agcertained _ 
that the one is a little larger thaw theypther4 
Their distance, which is about 22 diameters, has” 
continued the same for 21 years, while the 
angle of position has varied considerablyg On 
the 21st November 1781,.the angle’ of position 
was 40° 44/ south: following, or rathey® nogth | 
preceding, since the other star was afterWards 
found to be the smaller of the two; and on the 
15th of April 1803, the angle of ‘position was 
20° 20° north preceding, having: suffered a di 
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minution of 10° 24’ in 21 years and 145 days. CHAP, 
From an observation of Mayer’s, however, in .~"_, 
1756, Dr. Herschel has found the angle of po- ; 
sition for that year to be 54°21’ 37’ north 
preceding, which gives a motion of 24° 2’ in 
a7 years and)105 days. Hence he: asicliciien 
that a complete sctaerqiareet is pentormed 4 in about 
708 years. | ; . 

. Having thus given an account of some of the 
principal revolutions of: double stars, we shall 
now lay before our readers’ a complete cata- 
‘logue of double stars, containing the angle of Remarks 
position, the distance of the stars, their colour, jelviadons 
and their relative magnitudes,’ according LouthiG Double © 

Stars. 

observations of Dr. Herschel.c*. » 
- Dr. Herschel has divided. double stars ins 
to six classes. In the first class he has placed 
all those that require a very superior telescope, 
and the most favourable circumistances, to be 
distinctly seen. In order to perceive the most 
minute of these delicate objects, such as of the 
North Crown, Dr. Herschel advises that the 
telescope should,be first directed to « Gemini, or 
to ¢ Aquarius, » Dragon, ¢ Hercules, « Pisces, 
or ¢ Lyra, that the eye may be accustomed to 
‘this class of objects. The telescope should 
‘next be turned to % in the Great Bear, to the 
treble star in the Unicorn’s right fore-foot, to 
2"Bootes, which is a fine miniature of « Gemini, 
to the star preceding « Orion, ton Orion, and. 
~ then to.» in the North Crown. All these Dr. 
Herschel has observed with a power of 227. 
‘When the stars are of unequal magnitudes, he 
recommends them to be:examined in the. fol- 
lowing order: « Hercules, o Auriga, } Gemini, 
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CHAP, & Swan, ¢ Perseus, b Dragon, and then the 
beautiful star « Bootes. The second class of 
double stars* contains those in which the two 
stars are so near each other, that their distance 
may be estimated by the eye, in diameters of 
either of the stars. The third class contains 
all those in which the two stars are more than 
5’, but less than 15/7, asunder. The stars in 
this class may be seen by telescopes that magnify 
from 40 to 100 times, and should be observed 
im the following order: ¢ Great Bear, 7 Dol- 
phin, z Bootes, y Virgin, :Cassiopeize,and «Swan. 
The fourth class contains those stars, whose dis- 
tance is from 15” to 30’’.. The fifth class con- 
tains those whose distance is from 30” to 1/5 
and the sixth class those whose distance is froth 
1’ to 2’, or more. 

In order to perceive the closest of the double 
stars, Dr. Herschel advises that the power of - 
the telescope should be. adjusted upon a star 
known to be single, of nearly the same alti- 
tude, magnitude, and colour, with the double 
star which is to be observed, or upon one star 
above, and another below iti Thus Mr. Aubert 
could not see the two stars of y Leonis, when 

; the focus was. adjusted upon that star itself; 
but he soon observed the small star, after he 
had adjusted the focus upon Regulus. | 

In the following Table, N. P.; S.P.; N. F. 5 
S. F. stand for north preceding, south preced- 
ing, north following, south following. L. stands’ 
for the larger of the two stars, and S. for the 
smaller. | 

The Table contains an account ants of the 
principal stars in Dr. Herschel’s catalogue, 
‘as the limits of this work would not permit 
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us to give the whole of them. In the next cHap. 
Table, however, we have in some measure sup- _ 
plied this defect, by giving the positions of all spor 
those that have been omitted in Table 1; so that, 
with a little trouble, the practical astronomer 
may find them in the heavens. 


- 
o a 
ae 
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TABLE. I, containing a Description of the 
_ principal Double Stars in Dr. Herschel's 


-’ Catalogues. ii 
First CLAss. re 
hay 3 ,|Angle of posi- 
& 's |Names of the Con-| 5 S tion formed by 
fc) | Sstellations in s a |the. line joining |Distance be- 
|<. | which they are | % ". ithe Stars and thetween the Stars. 
“S| placed. = = jparallel of Decli- . 
la, 3 J & nation. | 
36 | Boootes = ¢ | 31°54’ N. P. | 12 diam. L. 
53 | Great Bear -—| 2 |53 475. FL |} - 
8 | Cassiopeia — | « | 6628 N.P.} 1 
39 | Dragon - b 177 8N.F.] 4 
63 | Dragon — ¢ |0314N.P.) 1 
\ 
| 59 | Serpent ~ | d|.4433N.P. 13 _. 
441 Bootes ~ 4 | 29 54. N. Fe )F Se. 
; Doin t , |5919N.F.{ 2 | 
33 | Orion — = n | 60055 N.F.] £5. 
- | Two nearest 
32.| Orion - = | Aj} 52108. P| 2 
| 2] Lion = - » | 20 548. F. | In contact. 
41 | Lion - — yl bi2d NOBOT- SS, 
40 | Hercules — € | 2042 N.F.) 2 
11 | Hercules - @ | 59485. F.] 1) 
star N.& Fol. | = |. 
13 | Serpent = 6 | 4248S. P. | FS. 
| 81 | Virgo - = A4bIZN.F./ 4 
49 | Serpent =— = 2133 N. P. | § 
|} lo | Ophiuchus - | a | 1430N. F. | 35. 
52 | Eagle - - ~w | 342485. PF.) 4 
18 } Swan’ = = > | 1821N.F. {4 


B 


of 
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TABLE Z obltstn Ste a Description of the bi 
principal Double Stars in Dr. Herschel’s ° 
Catalogues. 3 


First Cuiass. 


; Colour of the Stars. 
Relative magnitude of the L.. denoting the larger, and S. 


Stars _ the smaller of the two. 

Very rsa «1 UL, Reddish, S. blue. 
A little unequal. | Both white and bright. 
Very unequal. | L. reddish white, S. dusky. 
Extremely unequal. L. white, S. reddish. | 
Pa unequal. L; white, S. dusky. 

’ Very aeueel; | L. reddish-white, S. blue. 
Considerably unequal. . | Both white. 
A little unequal. | Both whitish. 


Considerably ae 1, white, S. bluish white. | 


Considerably ey | L. White. S. rosy white. 

Considerably unequal. Both red. 
_ Pretty unequal. _L. white, S. reddish white. 

Very unequal. LL. white, S. ash colour. — 
_ Considerably unequal. | Both reddish. 


| Considerably ect L. white, 5. greyish. 
Equal. 
A little unequal. 
Considerably unequal. L. white, S. blue. 
> Little unequal. 
Very unequal. L. white; S. reddish. 


ALA. 


21 
4 
24 
17 


37 


45 
52 


55 
8 
19 
6 
23 


24 
84 

4 
38 
11 


13 


Gemini, 
Castor, 
‘Hercules 
Hercules 


Serpentarius “ 


Aquarius 
Northern 
Crown 

Orion | 


Last! Pisces = 


Dragon. = 
Auriga — 
Swan 


Cepheus 


Bootes 


5 | Serpentarius 
Last} Libra 


Perseus 
Swan 


Gemini 


| Arrow 


Orion — 


| Triangle 


Cancer 


Cancer 


| Virgo 


, 
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SECOND CLASs. 


& 


5 


¥Y Wem BSNS 


aa 

. = 
= 
= 


Lal 


uve OQ ove 


a oH 


Berenice’s Hair 


Pisces 


Capricornus 


Lynx, the 


most south- 
erhis 1497, 5. 


towards 6. 
Gemini. 


I}. 


met RR 


1S.0rs” ~ 


32° 49? NUP. 

30 35 S.F.| 1g0r 4.6 
30 21 N.P.| 2 or 3” 

9 14 S.F.} 13 

71 39 N.F. 1} or 4!’.6 
95 51 N.P.| 3 or 5.5 
45 ‘14 N.F.| Ph or 5.8 
N.F. 
29 4 
| 67 23 N.P.| 2 or 5’. 
37 38 eo iM or 4/’.4 
6237 N. Paes 

89 32 N.P.| 1 
(20 18 N.P.| 2 or 5” 
ais f tpi, 
(65 53 N. F.| 14 or 31.4 
. 82 10 “S. ik 1Z i : 
ot ier : 2 or 0.4 
bch ae. iNs gph 
31 28 S. F. 2 , 

85 51 S. P.j 2% 

34 10 N.P.| 4% or By 
68) 12) SAP yaa 00 
493 NAF. a 
56 42 N.F. 2 

32 9 N.F./ 15 

29 5S. P.| 23 

27 42 S. Pe}. 

1 Yori Sites ey 

84 OS. F.| 14 

o.S. P.| 2% 
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SEconp CLASS 


A little unequal. Both white. Baty 
Very unequal. L. red, S. bluish green. 
. Pretty unequal. Both white. | 


Considerably unequal. L. white, S. reddish. 


Equal. _- | Both white. 
L. ‘white, S. reddish white. 
LL. white, S. pale rose. 


Considerably unequal. 
Considerably unequal. 


Considerably unequal. Both white. 


Equal. 
Very unequal, - 
Extremely unequal. 


Considerably unequal. 


Very unequal. 
Pretty unequal. 
Very unequal. 


Extremely unequal. 
_ Extremely unequal. 


Extremely unequal. 
Extremely unequal: 
Extremely unequal. 
Very unequal. 

_A little unequal. 


Considerably unequal. 


_ Extremely unequal. 


Considerably unequal. 


‘| Pretty unequal. 
| Very unequal. 


: 


| Nearly equal, 


Both white. 
L. white. S. red. 


L, white, S. red. 
L. reddish white, 5. dusky 


grey. 


L. red, S. deeper red. 
Both white. 


‘L. fine white. 


L. white, 5S. dusky. 
L. reddish white, S. dusky 


and faint. 
L. reddish white, S. red. 
L. white, S. reddish. — 


L. pale red, S. bluish red. }- 
Both reddish white. 


| Both pale red. 


L. reddish white, S. dusky. 
L. reddish white, S. pale red. 
Both pale red. 

Both reddish white. 


Both pale red. 
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CHAP. [118 | Taurus — 770 15! 


Xs 17 | Hydra, the 
eye! | largest of } : 90 8) noi 
4 CwOe tia 7 fa a 
39 | Bootes = |. 382 NAF. ‘ 


65 Pisces a j 30 57 N.P. 
149 | Swan’ = 31 48 N.F. 


Tuirp CLass. 


50 Great Bear | © | 56°46’ S. 


F. 
| 28 | Cassiopeia =— | 4 [27 56 N.P. 
| 55 | Cassiopeia alg 110 37 5. E, 
| 57 | Andromeda ¥ 140 37 Naka 
8|Cepheus - | & /15 98S. P.| 
8 {Scorpio -—= | 4 |64 51 N. F, 
‘{29| Bootes -= wi 6285S. F, 
} § | Aries — = So SNe: 
112] Dolphin = y | 4 Q9N.P. 
17 Bootes . ob * 130 OS, Pp, 
78 | Swan, = — | » |20 15S. F. 
1 | Dolphin - Q 42 S, P. 
1 | Lizard’s Tail 76 16 S. P. 
{29 Virgo = y |\40 44 S. F. 
116 | Cancer = ¢ |88 16S. P. 
| 39 | Serpentarius: 87 14 N.P. 
| 95 | Hercules - 4 9S. P. 
| 54.| Tem ini mish fh D 14 SUF |: 


43 | Hercules ~ | 2 | 88 23 N. F. | 


| 388 | Gemint « e |89 54.S. F. 
Two nearest. 
88} Leo = = | {47 33 NLP. |. 


| 13 Perseus = 6120 0 N. P. 


A little hiequal. 


Very Pa het | L. red, S. bluish red. 


tc dee | st Rinies CLASss. ; 


L. white,. oe rosy 4 8 Shea 

| L. fine white,-S. fine gar- 

net. - 

| LL. white, S. bluish red. 

~<| Lireddish white, S. grein | 
ish blue. , 


Crates unequal. 
Very Anggual | 


Extremely unequal. 
Very: Heauels | 


Very ne Le bhaish white, S. garnet. 


Li white, S. dusky. 
-L. white, S. bluish, 
Both white. 

_ | L. white, S. is red. 
| Both white. 


Very unequal: 

{| Considerably unequal. 
A little unequal. 

Considerably unequal. 


as 


‘ag ays oe 


Consiter#6ly unequal. 
Very: unequal: - ’ fe 
Equals >> | v" 


Both pale red. 

1S white, 5. pa 

Preceding white, following 
bluish white. . 

L. ‘bright white, S. sey 
white. ” Lai 


Considerably unequal. 


> 7. ee a 
a v 


|e Equah-.e +2 
er )> 


ty 
. 


* Preceding reddish phitks 
following white. 


fu. reddish white, 5. red, 


"i Extremely unequal. 


j Entremncly. unequal. io reddish white, S. red. 


Extréinely unequal. 


Vohsldee « Dd 


a J 


Very unequal. _ | L. whitish red, S. red. | 
Pretty oes | L.white, S. reddish white. |. 
_Equal. 
. Nearly equal. « Both white. 


‘| Lireddish white, S. dusky. } 


ie white, S. reddit white. 
' » CHAP. 
A little tnequal, Both white. - “= 
A little unequal. | _| Both pale red. | 
ear ly equale. | Both pale red. 


418° 


‘Pole Star 


Aries 


' Pisces 
‘| Pisces 


{| Swan 


| Orion 


Nt 
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Pisces, “*— 
Auriga = 
Taurus —- 
Cepheus  - 


Auriga © =~ 
. Lynx © 


Lynx bs 


‘Canes Sa 


tici, 
Great Bear 
44 \ 
Taurus 2. BGoK 


Cup -.. 4 G4 27.8, P:! 
Hydra po 188.15 °S. FB. 


| Eridanus lv | 44 g NUP 9° 


Centaurus | “hk || 22 OS. Feb dt 6% 
Serpent .— =} | 30° or 40° 
N, F. . 


-Fourtu Crass. 


66°42’ S. P.- 


Lyra - 31 51 5S. Pat 
Capricornus ot 
Perseus — | 25 ON.P. 


Uiktle Bear t 


87 14 
Serpent — 
Dragon. bee 
22 37 N.F. 


‘ 


‘Taurus — 


Aquarius 
Leo = 


Cor Caroli 


Swan 


Auriga 
Dragon © 
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: 
Considerably unequal. LL. reddish white, S. pale red. 


Very unequal, _L. reddish white, S. red. 
Extremely unequal. L. white, S. red. 
_ Extremely unequal. L. fine white, S. red. 


Gopsocrably unequal. L. white, S. reddish grey. 


A little unequal. L. reddish white, S, bluish | 

white. | 

_ Very unequal. | | -L. whitish red, S. red. 

| Very unequal. | L. red, S. bluish. 

Excessively unequal. L. white, S. a red point. 
Almost equal. Both reddish white. 

| Nearly equal. , Both reddish white. 

' Very unequal. . L. white, S. bluish red. . 


A ‘very little unequal. L. pale red, S. reddish white.) 
Considerably unequal. L. dusky, S. dusky pale red. 
Excessively unequal. L. reddish white, S. dusky 

: Ril GW, blue. 


FourtH CLaAss. 


Extremely unequal. | L. white, S. red. 


Considerably unequal. L. white, S. red. 
Extremely unequal. é 


Very unequal- L. red, S. blue. 

% 

| Coasticeey vnegual ‘L. white, S. dusky. 
Equal. Both white. 
Pretty unequal. . | L. white, S. pale red. 
Pretty unequal. L. white, S. bluish white. 

Very edema L. white, S. dusky red. 

~ Unequal. 

A little unequal. Both reddish. « . ; 

| Very unequal L. white, S. reddish. 

Pretty unequal. pens | a bali, S. garnet. 

| Very unequal, L.- reddish white, S. dusky. 
Very unequal. L, pale red, S. dusky red. 
Very unequal... | + Davy white, s. dusky. 


“Dao 


* J 
» 1 
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7 Swan spray oF | way 
x. 45 |} Swan oie! 2° 230N. Pil, 
eet te | olde .| two brightest.) />, 
-24 | Berenice’s 0 sn eae 
hed AETabe ss 2 { Pa dt 
; & 
23. | Great Bear 3 14 N. P. 
61 | Serpentarius, } Directly fol- 
Pe toe near in Coty lowing. | 
61 Dolphin -. | & |78 ON.P. 
28 | werpent = 
7 Little Horse 
24 | Aquarius —- 
10 | Triangle — 
\ 86. | Hercules = 
17 | Virgo” oat 
44] Virgo: 9 = 
48 | Cancer. — 
80 | Gemini. - 
18 | Libra - 
~ | 42 | Hercules —-- 
40 : 3 6 . 
and | ¢ Dragon aa 
Al | 2 
77 | Pisces = 
51 | Pisces te 
12 | Capricorn — | 30. ‘ 
13.|,Cepheus — 77 A8 8. P. 
6 | Great Dog star Very near di- 
" rectly prec. . 
26 | Whale 14 30 F. P. 
23:1 Onion = 59 33 N. F. 
} Taurus) = 23 15 N. F. 
27 | Ship - - 60.20) NLP, 
Unicorn —- 15 12 j 
59 | Auriga - 50%.8 uke | tp 
7 | Crow sen 154 O08. -P.). 


Taurus _ 


wt OT 29 IN ob, 
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Extremely unequal. 


Considerably unequal. 


/ Considerably unequal. 


Extremely unequal. 
A. little unequal. 


Extremely unequal. 
Extremely unequal. 


Excessively tinequal. 
Very unequal. 
Unequal. 


Excessively sles 


i Considerably unequal, 


Extremely unequal. 
Considerably unequal. 


Excessively unequal. 
‘Extremely unequal, 
Very unequal. 

A little unequal. 


A little unequal. 
Very unequal. 


Pretty unequal. 
A little unequal. 


Considerably unequal. 


Very unequal. 


Considerably unequal. 


Very unequal. 

A little unequal. 
Extremely unequal. 
Extremely unequal. * 
Extremely unequal. 
at sa ee 


| LL. fine white, S. dusky. | a. 
bs. reddish ib, 2 Ss: A boa | DE 
L.. whitish red, S, bluish red, 
i 


me redaieh white, S. net 
_|.L. white, S. grey. 


L. white, S. aN. 


L. chite, S. dusky. 
LL. palish red S. dusky. 


L. white, S. bluish. 


LL. white, S. dusky blue. 
L. reddish white, 5. dusky 


gar net. 


| L. garnet, S. dusky. 


L. red. S. blue. 
L. red, S. reddish white. 


Hie reddish white, SP pale sed. 


Eu whitish red, S. pale red. 
L. reddish white, S. Bert: 


| Both reddish white. 


L. white, S. reddish white. | 
a Seat white, S. pale 


fh ak white, 5. dark 
blue. 


| L. white, S. pale ty) 


L. pale red, S. dusky red. 
L. white, S. reddish white. 
L. whitish red; 8. dusky. 
L. reddish whe! ne 

L. white, S. red. 

L. white, S.-red. 


eee 


11 


6; Lyra’ - 
27 | Cepheus — 
6 | Swan - 
14 | Scorpio =~ 
7 | Hercules — 
21 Bootes Ho 
34 | Orion a 
$5 it 1 Dragon 
QO} Arties — —' 
16 | Great Bear 
70/\ Pisceg sam! 
18 | Cassiopeia — 
20 | Hercules ~— 
1 | Pegasus = 
ofa mat BS Cay wat pe 
Andromeda ! 
3} Lyra - 
15 | Gemini ih 
ue ONE PRO ey wy Pace 
1 | Cancer iis 
6 | 


and 
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Cancer’ 


= 


Ophiuchus | 
Camelopard 
Andromeda 


Pisces - 


{ Hercules 


Hercules 


37 
14 | Great Bear 
22 ; Aquarius — 
38 


Sagittarius 


29° o's. F. 
3 95. F. 
|47 36 S. F. 
55° 0 Newie 


5 ONSF. 


mn 
FirtH CLAss. 


* 172° 287-5. F. 


e ; e 


a Ow & & = 


<a) 


Pretty unequal, . 


| Firra Crass. - 


Extremely unequal. 
Pretty unequal. 
4 Considerably unequal. 


_ Considerably unequal. 
Very unequal, 


A little unequal. - 
Very unequal, ~ 


Considerably unequal. 


A little unequal. 


Considerably unequal. 


Very unequal. | 
xtremely unequal. 

' Extremely unequal. 

Extremely unequal. 


Very unequal. 

Very unequal. 
Extremely unequal. 
Extremely unequal. — 
Very unequal. 


| Very unequal. 
Extremely unequal. 


_ A little unequal. 
Extremely unequal. 


Excessively unequal. 
Extremely unequal. 


| L. white; S. dusky: 


| L. pale red, S. dusky. 


4 ‘ , x 
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Both reddish white. =~ 
| L. pale red, S. dusky. 
L. pale red, S. dusky. 
LL. reddish white, S. pale’ 
rear some Coe 
| L. pale red, S. red. . 


L. white, S. reddish white. 
L. white; S. rosy white. 
L. reddish white, S. bluish 
white. » : 
Ly pale red, S. fine blue. 
Both white. eed 


L. pale red, S. red. 


L. white, S. bluish red. 
Both pale red. 


L. pale red, S. dusky gare 
net. © : 

L. whitish red, S. dusky. 

L. pale red, S. dusky rede 

| L. pale red, S. dusky. 

L. reddish white, S. red. 


L. red, S. dusky. 
L. white, S. dusky. ; 
L.-bright white, S$, dusky. 
L. red, 5. dusky. 


| LL. reddish white, S. red. 
L. red, S. dusky. 


L. bluish white, S. reddish 
white. 


L. white, S. dusky. 
L. white, S. dusky; 
L. red, S. dusky. 


CHAP, 
Xe 


Aj 
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Aquarius —- 
Cassiopeia ‘“— 
Capricorn - 
Auriga §« — 
Lizard ~ 


9°54’ 5. Fs 
AGC TD aek. | 
| 85°12 S. F. | ' 
1 61 49 S. Re 
38 45 N.F.|° 


2 4 G4 


Pegasus. = $2 AS N.P. 


Pegasus = 


-89:12 N.F. 
Whale ~ 


76 21 S. P. 


) |} Auriga = 


72 36, N. Es 
Between 6 
Cancer and > 
d Hydra 
Taurus - 
Taurus | = 
Taurus... = 0 


Berenice’s hair | e 


Andromeda’s 7 | - 
breast. 


Berenice’s hair 
Hercules 


36 51 S. F. 
B87. OoN, Pads 


Srxta Cnass. 


68 | Whale = 


= ry “1 49” 
11 | Lyra =" — 3 Si Paes 

5 | Capricorn - ot W Wek Be 
43 | Gemini — | @ | 81°14’N.P.) 1.31 .9 


32'| Lion _ 


8 


80 5 N.P.| 2°48°.3 
84 | Lion as 


© Wi¥S.20 She eee 
95 | Lion ~ 0 | 80 ON.F.| 1 30 
58 | Serpent. = 21/9 7 §.F.|1 21 
49 | Bootes - 8 5VAG NP i) 2 de 
51 | Bootes - P| BO 25 S. Fil 2s 


11} Arrow = 
Q | Capricorn | Preceding. 
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V ery unequal, | L. 
Very unequal. 
Very unequal, .) | 
Excessively unequal, 


Very unequal. *) 


reddish white, S. dusky.| CHAP. 
L. palered, S.red. |X 
Ly red, S. dusky blue. 
Lis orange white, S. red. 
| L. white,..S. rede 0)? 


Pretty unequal. LL. whitish red; S. dusky 
> red. , 
L. pale red, S. red. : 
L.- reddish Gahitty S. dusky 
_ red. | 


L- white, S. pale red. 


~ 


Considerably eae 
Extremely unequal. 


Considerably unequal. ; 


Excessively pas pl 


L. reddish white, S. rede 

L. reddish white, S. dusky. 

L. white, S- a point. | 

L. reddish white, S- pale 
red. 


Both pale red. 


ven RR 
Excessively unequal. 
Excessively unequal. 


Considerably unequal. 


Equal. 


* 


Very unequal. 


L. a S. dusky- 
Extremely unequal. 


b Tx white, S. ta 


SixtH Crass. 


Very unequal. ris garnet, Ss dusky. 


» Extremely unequal- S. dusky. 
‘Very unequal.. L. red, S. dusky. 
Very unequal. L, reddish white, S. dusky 
, red. 
- Very unequal. _ | L. white, S. aie 


Considerably unequal. | L. red, S. bluibhs 


Extremely unequal. - L. reddish white, S. dusky. 
Extremely unequal. __—|-L. pale red, S._ dusky- 

Considerably nem L. reddish chica S. white. 
Unequal. L. reddish white, S. pale red. 


Very unequal. L. red, S. bluish red. 
Considerably uneq bites ele {> 


4 e bo 


| Taurus, 4/- t a feo 5g 


8'| Orton)’ i pawl 35 
POA RTOS low Cad ig Ope 2 


N 
N 
N 
N 
Lion '- -,| ? |100r12N 
Tee - 6 | 54 12N 
N 
S 
N 


| North Crown | 4 | 33 12 
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Auriga . “-)] @ | 33°49’S. F 
Swan —-. = | a | 12 42 SF. 
| Orion +) ~ | @ | 62 18 6. Fy 
Virgo! (eon p04] 24 55 NORM 
| Libra ase EVES 12 Sr: SSE 


debaran. 


Lion - = “0 | 49 36 


Virgo - | 75 0 
North Crown | » | 54 27 


Bootes = “ | 250r308 
| Perseus = mi 71 5S. 
Lynx = =. 2 ON. 
Pegasus = ¢ | 52 45 N. 
Taurus = 18° 0:0, 
Eridanus - | 6 | 15 9N. 
AY Beogees:. :\) Saw 7 24.N, 
4| Virgo - = 
Hercules — $8.48 SvP 
Unicorn hig 
Lizard ~ 73° Or NGRS 
| Eagle — | «# | 64 44 N.P. 


rh 


ry i Po Pap 


POR ati tty hy 


an ice EG 
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Extremely unequal. L. white, S. dusky. CHAP. 
Extremely unequal. L. bluish white, S. dusky. | = X- 
Extremely unequal. L. red, S. dusky. aad 
Extremely unequal. | L. white, S. dusky. 
Very unequal., L. white, S. dusky red. 

_ Extremely unequal. © LL. red, S. dusky. 
Excessively unequal. \. | L. white, S. dusky. 
Very unequal. _ | L. pale red, 5. dusky red. 
tixtremely unequal. L..reddish white, S. red. 
Very unequal. L. white, S. pale red. 


. bluish white, S. dusky. 
. white, S. dusky. 

. white, S. dusky. 
white, S. red. 

. orange white, S. red. 


Excessively unequal. 
Very unequal. 

Very unequal. 

Extremely unequal. 

Extremely unequal. =» 


red, S. reddish. 

red, S. garnet. 

pale red, S. dusky red. 
pale red, S. red. 

white, S. pale’ red. 


Pretty unequal. 
Very unequal. 

Very unequal. 

Very unequal. | 
Considerably unequal. 


red,’'S. dusky red. 
whitish red, 5. dusky |’ 
red. ‘ 


Extremely unequal. ¥ 
Extremely unequal. 


PoP PREP Bee 


Very unequal. inclining to garnet, S: | 
red. Be 

Very, or extremely un- 

equal. | . 

Very unequal. L. white, S. red. . 

Extremely unequal. ca. ‘ 


white, S. dusky. 
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"36 Dragon. ‘om 
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TABLE IL ec hing’ the Bait ass FY the 
Double Stars observed by Dr. Herschel, 
but: not contained % an the Preece Table. 


Be i ae 


38 Middle'of Lyne’ Ss” Tail 

11 Cancer. 

24 Eagle. 

Near 51 Bootes.. 

Smallest of the two between 
éand 3 N. Crown. 


A Dragon. 


| 52 Orion. 


c Triangle. 

In the hind thigh of the 
Little Dog. 

Near 44 Lion. | 

2 Cancer. 

Between 39 and 41 Lynx. 

South Préceding 44 any 

55 Cassiopeia. 

_38 Serpentarius. 

"N. Preceding 18 Berssuc 

S. Preceding 6 Cassiopeia. 

N. Preceding 25 Cassiopeia. 


| North of 31 Dragon. 
| Near 4 * Dragon. 


4 Aquarius. 


| S. Preceding « Auriga. 


N. Preceding 29 Capricorn. 
Preceding 6 Cepheus. 

N. Preceding A Cepheus. 
Preceding.% A quarius. 
Following , Cepheus. 

N. Following 25 Orion. 
Preceding 30 Orion. - 
Preceding + + Orion. 

N. Preceding 8 ‘Taurus. 


S. Following 54 Whale. 


Faves CLASS. 


Follows 5 Fe 
Between 1-and 6 Lyre. 
S. Following « Lyre. 

N. Prec. 1 Little Horse. 
S. Foll. 2 Little Horse. 


South of y Little Horse. 


N. Following 6 Arrow. _ 

5. Preceding 23 Dragon. 

Near the nebula in Auri- 
ga’s foot. 

Near 10 Orion. 

In the Lynx’s breast. ~ 

N. Preceding ¢ Bull. 

S. P. 44 Great Bear. 

65 Great Bear. 


_N. Preceding 6 Aries. 


N, Preceding 39 Aries. 
S. Preceding 26 Orion. 
In the Lynx’s breast. 
North of # in the Cup. © 
North of 11 Balance. 
46 Hercules. 


| 5. Preceding # Serpent. 


South of 50 Auriga. 

S. Following 36 Lynx. 

North of 105 Hercules. 

72 or q Ophiuchus. — 

69 or ¢ Ophiuchus. 

N. Preceding two stars at 
the 56 Andromeda. 


Oe Preceding B Aquarius. 


N. Preceding y Eagle. | 
N. Preceding 62 Eagle. 
S, Following 33 Swan. 
Following 51 Swan. 


. ‘ : \ 
On. the Fixed Stars. 429 
CHAP: 
saaaaine CLASS.’ x 


| bee dat ‘the Unicom’. left 

ba afoot. 

| Near 11 Serpentarius. 

108 Aquarius. 

| Near 42 Orion. 

Near 54 Eagle. ~~ 

Near 63 Eagle. 

56 Dragon. 

Near 0 Sere follow- 

* ing. ‘\ 

1 32 Redanus a 

In a cluster of six stars in 
the Unicorn’s head. 

Largest of three S. Fol- 
lowing 15 Bootes. 

2°°S. Following Procyon. 

| 1915'S. P. & Virginis. ~ 

40’ S. P. 43 Lion. 

54 Virginis. 

Near 42 Berenice’s Hair. 

S. Preceding 16 Auriga. 

30’ N. o Pisces. 

30’ Preceding 40 Perseus. 


\ 


15” Preced. 12 Camelopard. 


30’ S. Preceding ¢ Bull. © 
1° S. Following 4 Whale. 


19 N. Preceding gp Aries. 


2° 30/ Following « Aqua- 
Madag o 


45’ §. Following 56 Whale. 


2° S. F. p Aquarius. 
30’ N. F. 2 Great Dog. 
30’ S. F. x Orion. 
North of two stars 3 Pe- 
gasus. 


30 8. F. ¢ Gemini. 
45) "NURS  Polldciy 
15’ SP. y Dolphin. © - 
N. Preceding’® Lyre. 
30’ N. Following 4. Swan. 
1° 15' Ss F. x Arrow: 
-19 15’ South of 13 Lynx. 
21 Great Bear. > - 
asin ‘Préceding + Aries, 
20’ S. Following x Lion. | 
20/' S. F. d Eridanus. | 
1° Following 49 Eridanus. 
“1° S. Following 31 Bootes. 
30’ N. of 22 Andromeda. | 
1° 30’ N. F. 4 Serpent. 
30’ S. P. 49 Serpent. 
South of 29 and 3G Unicorn. 
30’ S. P.. # Serpent. 
1°. N. P. 12 Unicorn. | 
1° 45’ N. P. 100 Hercules. 
In the buttock of the Ca- 
melopard. 
15’ §. Following ; towards 
a Eagle. 
1° 20’ N. P. « Andromeda. 
20’ South of « Eagle. | 
1° 45’ N. F. ¢@ Eagle, to- 
wards « Dolphin. , 
1° 30’ N. F. 6 towards 2 
Swan. 
2° N. F. 51 Swan. 
2°. N.. Ps) 57 towards 42 
Camelopard. . 
30’ S. P. e Orion. 


i 


430° 


1 Little Horse. 

12 Lynx. 

Hf Cassiopeia. 

| 3 Ship. 

Near Q Ship. 

8 Unicorn. 

Over + Hercules. 

11 Eagle. 

Near 7 and\8 Eagle... 

94 Aquarius. 

54 Serpentarius.. 

South of y Perseus. ; 

| 40 or 2 0 Perseus. ~ 

| Near 87 Hercules. . 

N. F. 2 Triangle. | 

_ In the left fore-foot of the 
Unicorn 

In the Unicorn. 

| Near 10 Taurus. 

In Bootes. 
through + and % to the 
small star under theright 
foot, and erecting a per- 
pendicular towards the 
left foot, of equal length, 
the end of it will point 
out this star. 


Uinivorn’ g Har. 

30’ N. P. r Gemini. 
(1°15! Mi Ry!d! Hydra. 
| 45’ IN. F. 10 Orion. 
2930’ N, F. y Virgin. 
13 or 2 « Great Bear. 


N. F..18 or » N. Crown. 


the Goose. 
Near 19 Perseus. 
20 or 2 p Perseus. 


‘Tump Cuass. " 


30’ S.. F. 65. Sagittarius. 


19 30’ N. F. 64 Antauiest | 


45’ S. F. 65 Aries. © 


40’ N. 
1° 30’ Preceding ¢ Whale. 


Draw a line | 30’ N. ‘F. 11 Bull. 


: Following the tip of the 


45° North of a cluster form- 
ed by the 4, 5, 79 of 


45’ N. P. 19 Eagle. 


Onthe Fived Stars 


Gaver s ads 4 Datos | 
that which is nearest «. 


10’ South of 58 Pergeus. 
3-or « Hare. i. 
19. $.:P. 9 Abdiesy) ) > aie 


Preceding the tiara of Cee ae 

pheus. a 
rei S. F. 25 Whale. 
45’ S. P. 18 Pegasus. 
In the Unicorn’s Cheek. 
45’ N: F. 3 Orion. 


8°45! Si Peis: Bult 
of « Whale. 


Above 30’ from Z towards 
¢ Lyra. 


4° from 3 towards « Elena 
cules... 

3° N. of 103 Bull. 

1° N. F. 62 Aries. | 

1° N. P. g Cancer. \s. 

1°. 20” N;. Py», Hare. 

20’ S. Pi» Eridanus. . 

In the Unicorn’s Cheek. 

2° 15’ S. P. 55 Endanus. 

1°15! S. PR. 2 Hercules. 

2° §..F. « Serpent. 

20’ Preceding 83 Hercules. 

N. Preceding y Atrow. 

North of the cluster of | 
stars in Sagittarius. 


1° 20’ N. P. 19 Eagle. 
1° 8s Foo Swan. ‘ 
1° 15’ N. P. 16 Unicorn. 


On the Fived Stars. 


ASL 


in the ieee Ear of the 
}  Camelopard. 
| 31 Cassiopeia. 
| Near the: variable star 0: 
wo’ Whale.’ : 
19 Ship. 
Near y, tes aia z Bull, 
| 44 Lynx inthe Eye or Nose 
of the Little Lion. ~ 
} Near a star dagen a vr 
> Eights: 
N. FF. ¢ Swanego 23s 
| Beside » Hercules. * 
a Eridamus. ; 
1S. F. s Bull. | 
} 40° Following’ re towards 
- gt Otion. 
}.21 Gemini... . | 
3 Liton. 
‘ION. Big Viki. 
30’ EF. 9 towards % Fides. 
3/307 N. F. 41 Lynx. 
3° S. F. 42 Berenice’s Hair. 


ie Haru 

| 2% or 34 PA, pee 
TONS Bot Great’ Beat. 

30’ S. P. @ towards a North 

' Crown. °* 

2° 30715..P:. |. ath ides 

Within a pe minutes of 
q Perseus. 

Within 10’ of 3 Cassiopeia. 

1° 45’ S. P. ¢ Cassiopeia. 

1° 30’ Preceding 23 An- 
dromeda. 

15’ North of 55° Bersdui. 

Mem 2 and. 8. Camelo- 


a0. 2 FE, > Bull 


Fourru Crass. 


.15' N. P. 37 Whale. 


692 NRoP. 


2° 30%. N. P. 36. Berenice’s| 1° 


-45’ §. P. gy. Ophiuchus. 


1°15’ N. Fer Bul 
1° §.. Pi 13° Whale. 


1° 15" Preced. a Ceaheas 
1°45’ N. of 6 Great Dog. 
45’ Following 16 Cepheus. 
1° Preceding e Orion. 
‘The vertex of an isosceles tri, 
angle, following + Aries. 
Near 18 Great Bear. 
3° hoe « Lyra. 
.'B Lyra. 
1° 15" N. F. 25 ‘Unicorn. | 
30’ Preceding « Orion. © 
45’ N. P.¢@ Auriga. 
45" Following 77 Dragon." 
1° N. F. 55 Andromeda. | 
1°45’ N. F. a Great Bear. 
45’ §. P. 79 Pegasus. 
2°.S/of 69 Great Bear. | 
1° 45’ N.F. @ Bull, the se- 
cond towards ¢. 
1° Nake Cape 
15’ N. P. 61 Swan. 
1° 30’ S. of ¢ Virgin. 
2°30 S. P. ¢ Hercules. 
N. F. 83 Pegasus. 
1° 15’ S. of 42 Eridanus. 
30’ F. 48 Cancer. 
1° S. Pi 68 Virgin. 
45’ N. F. 82 Pisces. 
20 or ¢ Scorpion. 


1° N. P. 32 Ophiuchus. 


30' N. P. 2 Cepheus. 
N. F. a or 16 Eagle. © 
1° 20’-§. P. y Andromeda. 
1° 30’ N. F. 2 or 99 Pisces. 
30’ N. F. 46 Eagle. 


/ | Following f Orion. 
| Between » and é Whale. t’ 
1s or 20 Orion. y ollie e) 


| Beside ». Lyra....{ , 


2-8) Sy 


a s vier > 
Woah 
ale ti 


43% . ‘Omthe Fived Stars, 


» 


“@-OF Bo; DUbe, ticvl yy Bk 
g¢ or 29 Andromeda... 
¢ or 29 Auriga. 


31 Libra. wink ta sd 


- {| Near 6 Cepheuss. 


»or 53 Serpente: , 

53 Sexpenteraes ‘between 
a and B. 

Next but.one Preceding 2 
Baglege cet: % 

‘h or.15 Eagle. cf Mig 

Near 28. Eagle.) \v) 

Near that Sagh follows é 

. eagle. 

0 or . in the Shields in the 

Const. Eagle.) 

23 Hercules, between yand 

% of the Crown. 

43 or A Perseus.» iyo 

76 Swan. i) , 

8. Fee malis 

c or i6 Swan, next follow- 
ing ¢. 

Gor, 20,5 wan ju; Pey ; 

A little N..of ¢ Pisces... 

30 over the Back of Aries. 

17 or 13. ares init a 

NB errno 

Second star from » towards 
« Gemini. 

p or 63 Gemini. « 

éor 22 Hydra... » 

45’ S. P..95 or 0 Lion. 

81 Lion... 

1 57 Lion.. 

25 Lion... 

| 1° South of 43 Lion. 


45 N. P. p or 63 Gemini. 


WE, 1TH CLASS 


3!or 4! N.P. n) Bains! oa 


| _N. of S or 72 Serpentarius. 


1° 8. F. « North Crown. i 


A few minutes N.. F. dor. 


43. eRe gh Beg 
9 Cassiopeia: +: { to 
35 Camigntiaade . 
15’ N. P.» » Coariegbesed 
47 Cassiopeia 1 
20° N. Bo, Saidgorddestl L 4 
3’ or 4” N. F.. wor 16 Aue | 
‘riga. Wve $8 
$0r.37> Aurigavo He ho 
30'S. F. ¢ or 3dsA@tien. 
30’ 8. F. s.Arieswef? iii 
PASSE, 108 genase | 
45’ N. 3 eeppeits 
51 Aiquariuse: Bi 
30’.S..F. 2 or 59) Agusan) 
59 Orionis. © 
40’ Preceding » Orion. ' 
20° Spo Paxe ‘Lyra. \wiokt 
207.83 4 & Atrow. Eso “8 a 
204 Sibsy: Artowl¥l° £1, 
1° 45! Sern enmors i 
45’ N. « Great Doo: 
1°... B.42..Great ‘Bear. © - 
Star formingyan isosceles tri 
angle with « and » Gemini. 
1° 45’.N. P..z Aries: : 
The most ‘northern of thrée 
preceding. ¢ Orion. 


q 


15454 SaP, * Orion: orth “hs 


Li dl ydtagadouivww et 
Ath Se "?. 44. Bape | 
30’ S. F. g Centaur, | 
tr N. F. 46 ‘Bootes.’ E 
+30’ S. P. r Hercules. 
45°°N. Ps 41. Hercules. 


fh 


1% oO r 59 Bull. 


=i 4 coronene 


if 


Elyse: 2,02 oom 
BG CaP Eom i 
r 94 Bull. 


es 


o or 31 Swan. 


- 4 Near 6 Bootes. . 


j vor 21 Crown. 


“| » or 51 Perseus. 


es 


| z or 10 Capricorn. 


‘y or 44 Pegasus. 


4 Star between « Dragon and] 


the ‘Pail of Great ‘Bear. 
Inthe Nostril of the Lynx. | 
3 Cassiopeia. 


‘| North of ¢ Eagle. — . 


| dor 88 Bull. 
“32 Swan. |, 
bor 37 Auriga. 


13 Camelopard, over sie | 


Goat’s Head. 


| 10 Camelopard. © 


c or 46 Dragon. 

e; 64 or 65 Dragon. 

sy or 13 Hare. 

67 or 5p Cancer. 

| Near «4, and towards o An. 


Vs dromeda. 


‘+35 Eagle... 
Near 35: Bagle. 


The following star of a tra- 
_ pezium, near / Eagle., 


‘| Star near the middle of 


Mount Menalis. © 
Between ¢ and f Bootes. 


cI Star more §. than 7 Bootes. 


More,S.than o Secrets 


| 2 Cassiopeia, “near e. 


§ SAS ee 


| 40 North of ¢ Eagle. ea 
| 20’ North of x, towards 


~ Sire Chass. 

; ary @ Lyra. \ 
Aries, in the Bey oP 79 Swans | 
| 5 Aquarius. ° 


| Near 2 ¢ Swan. 


sor 31 Hydra. 


| w or 4 Cancer. | 
_¢ or O3 Virgin. 


}.93, Lion.. ; 
aT Virgin. 
~ 31 Unicorn. . 5 
‘A few minutes S.F.1 Orion. 


| 20’ N. of ¢ Capricorn: 


1° S. F. 43 Sagittatius. 


“"he@mallest 4 ie most. saath] CHAP, 
‘ern ae two, Pine 20’ asun- > 
der, near 4.; Camelopard. 


*5 Swan. 


2% Swan, near 2. 


» or 8’ Pisces. 
Near the star N. F. . Arrow. 
| Near» Eridanus. ° 
30" 8. F. » Orign. 


Near 68 Orion. 
: or 27 Gemini. 


/51 Gemini. 


30’ Following 2 Cancer. 


_ 27 Hydra. 

1 ¢ or 5} Cancer. 

| Following 6 Bootes. 
3” or dN. of + Gemini. 


2eor7!l Aquarius. 

1° 30’ S. F.46 Bull. 
P45 Neko, Cogheus 
¢ or 30 Bootes. 

19.15’ S. P.. 31 Unicorn. 
30 N. P. ¢ Hydra. 

22 or 26 Cancer. 

Near o Whale. 

30’ 8. P. 69 Orion.» 

2° 30' S. F. 21 Cup. * 

19 457,N. Pe 42 Lanta: 
19 15’ §. P; « Pisces. 


ad 


CHAP. 


HI-X, 


4 


v1, “as well as the popular nature 


‘ BA ae ‘e , YS 
‘Dr Horseliey with 
_ pointed out a bi 
treble, quadruple, &c. stars. 
their common centres of ¢ grav 


not permit us to lay them before: ow 
Beveral of these combinations are sala 


Q, Oy ¢, d, are re the stars, ane 0 iki canna cen- 
"itheot gravity. ‘One of these combinations is se) 
eny singular, as to be peculiarly deserving ¢ of no- 
tice. Let us suppose two equal stars. moving | in a 
circular orbit round their common centre of gra- 
vity, which will be the centre of the circle. 
From the centre of the circle draw a line per- 
pendicular to the plane of their orbit, extend- 
ing to equal distances above and pales this 
centre. Let us now suppose a third star to fall 
from one extremity of this perpendicular, from 
a state of rest, it will obviously, descend with a 
gradually accelerated motion, till it reaches the 
centre of gravity; and passing onwards, with a 
motion gradually retarded, it will ‘move to the 
other end of the perpendicular, where. it. will 
arrive at a state of rest, and again. return, and 
continue to oscillate between these two. points. 
‘The two.stars which move ina circular orbit 
may describe equal ellipses of any degree of 
excentricity. In this case, however, the per- 
turbations will affect not only the planes of 
their orbits, but also their figures; and the length 
of the oscillations of the third will be sometimes 
increased and diminished. See to aor 
The following catalogue of treble, quadruple, 
~ quintuple, sextuple, and aa stars, is selected 


ye 


from the twe neq of “double ds BWR Cis 
by Dr. Harethel” PRE thie Dae 
od niiegeeay (Fre ; bare Paes 


rai “i oy Wh, be pea alogue of Treble, We. Stars. poi ; 


: “oor . North Crown. ‘ 

‘ h twos nearest, of this. treble star, are ras 

thar “unequal i in magnitude, and both white, 
‘The third, with a power below 460, isvery faint, 

and.dusky in colour. The Hiatanee between 

the two. nearest with a power of 227, is 12 

the diameter of the larger, and with a power 

of 460,swice the diameter of the larger. Po- 

sition.7'7°. 32/.N. P. Distance of the bi 
from the largest, 24/’, Position 25° N. F 


12 Lynx, below the Lye. 

The two nearest of this curious treble star 
are pretty unequal. The larger is white, and 
the smaller white inclining to a rose colour. - 
With a power of 227, their distance is % the 
diameter of the smaller one. Position 88° 317 
‘§. P. The first and third are considerably un- 
equal ; the second and third pretty unequal; 
the colour of the third being pale red, and its 
distance from the first 9” 23/”, Position witli. 
regard to the first 32° 33’ N. P. — ; 

11 Unicorn tn the Left Forefoot. 

This treble star may appear double at first 
sight; but with a little attention one of the 
stars will appear double. The first or single 
star is the largest. The other two are.small- 
er, and nearly equal, the preceding one being 
rather larger, and they are both white. The. 
distance between the two nearest, with a power 
of 227, is 1 diameter of the apie or li the 


diameter of the following star. Position of the 
two nearest 11° 325. F..: Dr. Herschel consi- 
we Be 2S ent 


"CHAP, 
X, 


Wiean) ties aie 
ake 
MT MER Td a 


4.36 ne is “On the Fixed ise b rae 
ders this star ‘asthe most beutiful Sh in the, 
whole heavens. a Se eet Hoes i R 


Loagneeeen, emcee) 


A Near 37 Eagle, the last re 4 


um N. F. k. 
The two nearest are very ae a The 


- third star is not visible with a” pened of 227. 
With a power.of 460, the distance, between 


the two nearest is only s the diameter of the. 
larger one. The distance of the farthest j is 
bolt. 7 Moree. ie RASS I RRMA a 
i tchee to or 16 ea rb ke 4 gu es ma a 
This very minute ‘treble star/requires “very 
favourable circumstances to be distinctly seen. 
‘Uhe two stars of which the preceding one 
consisis, are considerably unequal, The larg- 
est of these is larger than the single. star, and 


1 yh Foe 
wal as 


the least of the two is less than the single star. 


The firstand second largest are. pretty une~ 
qual, and the second and third pretty unequal. 
‘Che two nearest are pale red: they arejust sepa- 
rated with a power of 278, and with 460, their 
distance is the diameter of the smaller one, 
Position 86° 32’ N. F.. See ¢ Cancer in the 
third class of double SEATS. pop coe al onal oh 
90 Lion. HEN ue ae 
yi he two nearest are very “unequal, ‘The 
jar gest is white, and the smallest reddish white. 
With 278, their distance is 1: the diameter 
of the largest. Position 61° 9 Sky incase 
two farthest are very unequal; the smaller be- 


ing dusky red. Distance from the largest — 
531 43'"%, eae BS, TQ Sey | 


£ or 51 Libra. ? 


This star appears at first double, ‘but the 
larger of the two Yate be fo nd to consist of 


4 
7 Ta 
<a 


On the meh sie he ee 4.3% 


ed a stars. : agai ‘nearly ahequal; and both CHAP. 
white. With 460, their distance is} the dia- * 
meter of: the ‘larger. Position 82° 2’ N.«F 
See second class of double stars under 2 Libra. 


About 3 1? x FE. y asic é in a line peed od 
cP to B and w Aquarius. i ae Y Me ae 


phe two nearest are “very unequal. The; 
| Putgest 3 is reddish white, and the smallest pale 
red. With 460, their distance is about 1 dia- 

eter of the largest. Position 62,277) Noi Py 

The two farthest: are very unequal. The 
smallest is Can red, Distance with 227 Ms 
92" 4.2/1 - Position 38° 51/ N. F. 


i ita) 


Preceding 70 and 67 Orion. 7 


“Ina spot which , appears nebulous in Dr. 
‘Herschel’s finder, about 50’ {rom the 67th, 
and. 45’ from the 70th Orion, there is a anil 
tiple star consisting of 12 stars, with a power 
9k: 46047 and one of these is a double one. 

The two are considerably unequal; their dis- 
ance is:1 diameter Sd che e easy one. Posi- 
tion £0%48" $5 Bs. ati 


J) WR OF AD ye in the Ham. 


The three stars which are all in a line are 
‘excessively unequal. ‘The largest “is white, 
and the two smallest are mere points. With 
460 the distance of the two nearest is 1% the 
diameter of the largest star. The third is a- 
“bout 25 or 26%" fram the eek pony ror 
19’ S. ag scalded 


ise N. En cons ina line Pareles to B and x. 


‘The two nearest are considerably unequal, 
~and both’ pale red. With 460, their distance 
1s 1 diameter ofthe ysmall s star, or 4 + that ofthe 


¢ 


¥ 


> 


pe Ley? had Reel | 
to ef f i, we > a4 i me es | 
Lats | Pie) Basen Lone eS SD 


7 or & orb Lib ! 


Livy rat 
4g ct "irk 


5 18 ¢ nit’ double 


bh “neq wan Ehe. | pi We oves oe 
ies 3 d the smallest. reddish. . Their: dis- 

tance vith? | is J diameter of the larger one. 
Position 56° 0’ N. F, The second set. are 

white and equal, the preceding, being rat! her’ 
the largest. ul Re distance with PE ue ny 
diameter of Cea Position FER 87 : ‘Ss. Bb te 


alts ta 


| s, or 48 Orion. Se ‘ots 


= 


his | isa Tones Sone ongh ‘or two se 5 
‘treble stars, almost ,similarly situated... TI 
two nearest of the preceding set are equal; rine 
third larger, and pretty unequal when com. 


pared with the latter two. With a power of 
922, the distance of the two nearest is 2 di- 


ameters of either. Positions of the following 
star of the two nearest wth the third 66° 35’ 

S. P. Position of the two nearest 2 or 3° N. 2 
F.orS, P. the following set. The two near- 
est of the following set are very unequal. | 
The largest of the two, and the farthest, are 
considerably unequal, the largest being white, . 
and the smallest bluish. With a power of 


222, their distance is about 24 diameter of the © 


largest. The distance of the two farthest is 


43/7 12) Position of the two nearest 5° 5’ 


a EF Position of the two > farthest: 29° 4 


NES 
4, 


fag ot ta Hey 


Mes De ig nearest are He aa Baa 
CI tc largest is a ‘dusky white, and the smallest — 


diameter of the larger. Position .4° 54 
_. The two: farthest’ are: extremely un- 


+ f by 


Teese one af bajo 


This is a nee star, one of, them lense 
double. The two are nearly equal, and white 
or dsh coloured. Their distance with 2274, is 


aie 


about 2= diameters. Position 80° 19! N. si | 


Twenty other stars are in view. 
vay S. Fp Lyrae 


8: The. two nearest are a little unequal, and 
| both dusky red. Their distance with 460’ is 


‘$diameters. — Position: 8° 24/ N. F.. The ee 


: thest i is as large as the largest of the two near- 

est, and its colour is dusky red. - Position with 
the largest 25° 57, 8. P.. Distance of p Lyra 

om the two. nearest of 17" go”, Position 
1 ng N. P. or the double star 8: FE. 


cg emcee meiiaaaling Se ee ee 
: a -* e “’ ‘ = 
See ; . 
4 Ey) * > 

> an < eos ee 
tne . 4 os 
nad , ie - 

5 ie = 

~ 
N\ 


mere point. ‘Their distance with 227, 1s lz p 


| ee, smallest. is ® mere Boia ii | 


‘0 of the second ate” very. “wnequi 
both red. ‘Their distarice’ with 460, 
‘ameters ote he larger. | Position 44°3 
‘Those of the 8d. class are equal, and bo : 
Above 20 stars are in view ‘with 227. a 
tance Li gf . 


J. Oy, 8 pear “ lens shige’ ee 
“The two nearest ate equal and both na") 
white. Their distance with 227, igsabout, Oe 
‘diameters. Position’ TASS! ND Ones ee ? 

thest is larger than either of the other t 
and of the 6th class. aoe about 63 ‘or 
69° &: P. thé double star. & fed a 


“ge 
“ 2 . 
r- Sey —_ -— = 


Star making: almost, an Eula tal ‘Tia Pe 
- with the 29th and gas Unicorn towards the — 
SOULE OS ailia HOM ise eh eas ee 


Among many, the Faun from the south, ee 
end of an irregular long row, is double. The 
two are’a little unequal, “and both pale red. ~ | 
With 227, their distance is I diameter-of) the | 
larger one. Position 86° gt 5 BF. ‘Sixteen 
other. stars are in View. i 


" 
f. 


Star twice as | far South of Be sbarhiane AS % and 
_ the Star near it are from each other... ve 


‘The two nearest are very unequal, and both 
-yed. ‘Their distance with 227, is about B di- i 
ameters of the larger. Position about 40 or 
50? N.P. . 


A large Star’ 1° peers g; iaiaiis 41 Swan. ~ | 
.'The two nearest are extremely unequal. 


era The mo 
th sha allowing, side of. the .t1 rapezium is, 
xthe, ita as sob SPRONE © CONS is 


argest focine it to. aes cand the star. Ope’ : 
to the largest. dusky. Distance of the 

ars'in the preceding side 8”. 78; in the 

ide 12’, 845 in the following side | 
and i in the: northern side. 20/"., 4 i 


ft § ‘. 


sia 4g Orion preceding the iwo vy 

ay MB 52 oS RR a am ; 
ahi The preceding set. of this double-treble star 
_ consists. of three equal, stars, forming a trian». 

_ gle, and are all dusky. | The distance of the 

“two nearest with 227, , is about 3. diameters, 4 

t eh following set consists of three stars of dif- m 
ferent sizes forming a circle. The middle | 
star 1s the largest; the one to the south AB 
pretty, large, and the third i iS very. small. The 
. two largest are white. and the smallest 

‘ get Distance 86” . 25. wrist | 


SAX 


8 or 17 Arrow. 


* 4 two nearest ‘of this treble star are ex- 
“tremely ape The Jaxgast: igupalenaed 


wi Distance of the nwo near 


e 


-@ 


tance ae the t two os ae if 


about 4 ae diameters Gera phy: ese 5 
the unequal set about 5 or 6 diameters. | 


6, or 51 Virgin. i, ae" tine | 


~The two indies. are extremely unequal: the i 
soils of the largest being white, and that of 
the smallest, dusky. Their distance i Signy, gite.: 
and their position 69° 1 18! N. Pe ‘See 6th class , 
of double: nStarge! fk pate ge aa a. 


1? preceding the Fees of Capen i in a 1 lit 
parallel tos and g, | 


* The two nearest are very leauane le | 
er-being white, and the smaller dusky b. 
Their distance is 11/’ 35/”, and their posi 
35° 24’ S. EF. The two farthest are considera- 
bly. unequal, the smaller being dusky blue. — 

Their distance’ is Leg ne and “_ inbescid | 

se a 57! N. P. BGS ey RARER EET RA Si: eo , : , 


es, dys ge 159 rete ei in a line parallel, to 
and B. i povleeh trea 
The two nearest are considerably unequal, 
and their light red. Their ‘distance is 12’ 
80”, and their position O—O preceding. ‘The 
Wot farthest are very unequal, and the small- 
est dusky red. Their distance is 32” gi", and 
their position 4° 0 N, I i 


3° .N. P..17 Swan in a line parallel tos and ae 
‘Fhe two nearest of this quadruple star are 


aig bid 54/’, and their position 67° 36’ S. F. 


tw 
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Reveal, the abet being se) and CHap, 


the smallest dusky.: Their distance with 625, * | 


The 


é two largest are nearly. equal, and both 


; red, Their distance with 2'78, 18. Q5!! eeu 
and here positionag” 33' Ni F. 


: Be 
om 


S. P, o7 ‘Swan, the ‘middle. of three, the most 
Southern of which is the 27. 


This star is quadruple and sextuple. In 
the quadrupley or N. P. set, the two nearest 
are very unequal. ‘Their distance with 278, 
is 11” 16’, and their position 26° N. P. The 
two largest are almost equal, and both red, 
Distance with 278, 29’ 27/’’,. Fosition 57° 


‘ION, Ff.) Inthe:sextuple, ‘or.'S: Fy «set, the 


ye) 


7o largest are pretty unequal, and both red. 
cir, ‘distance’ with: 278, is 197. 20%, -and., - 
heir position 27°36’ S. F.. The other stars 
re ‘@ egal as the smallest of the shin ita at set. 

wh * . : i 46, or 3. 0 Shaan 

. oe br stars which compose this’ treble star 
are very unequal, and. extremely unequal. 


The colour of the largest is fine garnet, that 


of the next largest red, and that of the small- 
est dusky. Position of the two brightest 44° ; 
19’ N. i Heomed are. all within 30”. 


i 


Near 27 Cepheus, near oh, 
The distance of the two nearest of this tr a 


ble star is‘about 20’. 
- The lyst of 2 Stars preceding v in the eae 


| The distance of the two nearest is 21” . 


| 4h 3 On ihe Pised Gare ies a ae 
a ay a° N. P H fee in seo rallel to ee 6s. 
Orion, and c mae bie one of threes 


The stars of this quintuple: star are in the” 
ow form of a cross. . The two nearest, or the pre- 
ceding of the five, are extremely unequal. D 
tance 20” 57///.) \ Position 7°27" Su Pr Th 
is a very obscure star of the third class i near ‘tHe 
last of the three, in the obscure star of the 
cross, Other five ‘stars are ek about 
M et pts one. 


eu. A P. y 


cay * he last Star of th Vas iEiteedin be ateats| Beipla . 


The two nearest are extremely unequal, ANS 

, larger being reddish white, and the smaller 

dusky. Their distance is 20’ 27’, and their 
position 79° 38’ N.P. The next dre. phony ee 

unequal, the smaller being “ted. -Disia E 

54” 5 sy - Position 44° 24” N. Ae ie 


8. Deora in the middle of the Tail. 


The two largest and nearest of this Bi 
pie star are a little unequal, and both eth 
white. ‘Their distance is 17/7 14/”, and. SiN 
position 84° 80" S. Py The two next’ are: very 
unequal, and of the fourth ‘class ; ‘and the: 
other two considerably. ey and ne the 
eth Class, cere NB auch tien 


etwas £ dtd + Dolphin, is nearer 0.b. 


. All the three stars: are whitish red, and 
Mearly equal © Distance. of the two. nearest 
with 278, 21’ 33”, Position 18° 27 N.. hy 


Absut ae : preceding, 25 Unicorn. i : 5 


jive quadruple star. consists of two le 
“stars ane, can always be seen, and of oth 
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_ two that are maaitite only j in arte nights. The cuap. 
nearest are ‘extremely unequal, and their dis-. %. 
i Swan 20" 27", 
erhae at ri heyy roy pay be Ady 08 
Of a Pnnevtuned in healer Arrow, conibiclye io this 
Treble Star, 3, t.and Q, it is the Star i ig 
‘tol and nearest to ¢ of two. , 


The two nearest are very nea se, the larg~ 
est being pale red, and the smallest dusky 
blue. Their distance i is 21". 22/7 and their 
position o° F. The two largest are a. ‘little 
“unequal, and of the’ ‘Sth. class, Potion 
86! 5. ce : 


x or, ‘48 Arr 02, the b ede of ee. re y 


/The two nearest are equal and red. ‘Their 

distance js 23 2”, and their position is 10° 
ad S.:Pi* "Phe third isa large star, about 1- 
“minute distant, having a BORER oh, 10? or 15° 
N. P,: the other two. 4 


ie eae hiie Be or 10 Lyra. 

OTe. stars “of das quadruple star are al! 
white, the 2d, 3d, and 4th inclining to red. 
The ist and. 2d are considerably unequal. 
The ist and 3d very unequal, and the Ist and 
4th very unequal. Distance of the first and > 
second, 43” 57! Position 60° 28" me, 


fo or 13 Sagittarius 


‘Distance of the nearest about 30’, 


A Spot over the right Forefoot of the Uiieor je 


» This spot. contains # or & small stars v within. 


CHAP. 
_ xX. 


Ceca cme r 


qual. The. largest » is white, any the” two 


. shy ath ss Dees | sia ria 

446 oe add ce le San 
ek : or 15 Aurigas ax: ie yay 

| ERS eee a4 

rT 

Two of this rauiiale star are) within 30", 7 


; 4 
Mure Jee! 
e933, 


ne On 18 Grown, wea has, 


v 7 


” ‘The stars of hts ente star. are very une- 
i. The largest is white, and the two 


smallest both. red.- Distance of the nearest 
SOE ated as aka: 1) ns ati ATs 


ie: en Fat id ei a Swan. ba 
The stars of this treble star are very une- 


cia ae both reddish. 


wed small Star near the place of 12 Cominis 


ig 

aie! 

i oe 
b | + 


fe 
The two nearest are a little unequal, and 


distant about 1 minute. © 9) ee 


1° N. at 9 Orion, towar as 113 Palit the tare 
est oy ECON Tey 


The two nearest are considerably ee Cual 
and reddish white. Their distance with 278, 
is 36/’ 26’, and their, position,33° 36’. The 
two farthest are very unequal. The smallest 
being: red, and belonging to the 9th class. : 


17 or 2a Great Dog. 


The three stars form a right angled triangle, 
the hypothenuse of which’ contains the largest 
and smallest. The two nearest.ate very une- 
qual, the largest’ ne reddish white, and the 


n est being white, and the other two dusky, © 
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( 


smallest red. ‘Their distance is 4A” 5 52", and 


_ their position 64° 12’ S. F.. The two farthest 


are very unequal, the smallest being red, and 


belonging to Ce 5th class. Position about 


a P. 


ore of two is i P. the "15th, in a line 


ee sed to we ak and ane? Lion. 


The two flearest are very unequal : their: 


distance is 54” 37/”, ‘The two farthest are 
eareuiery: potas 


12 Great Bear. 
‘The stars are extremely unequal, and all 
red. ‘The nearest is the smallest. Position 
some. ieee ale aes 4 


‘p S jadi the 11 Oran. aay t T QUrus. . 


ie two nearest are. pdunidevably ilenael, 


the largest being white, and the smallest pale 
red. Distance 37” 51”. Position 33° 54: 


N. P. T he third i is farther off, smaller, red, 


and N. F, 


41 Artes. 


ee! 


_ The two nearest are excessively unequal. 
‘The largest is white, and the smallest is faint. 


‘Their distance with 278, is 39” 20”, and 
their position 80° 48’, 5. P. : i 


ror 8 Lyr dle 


The stars -are extremely pecan ‘the larg- 


~ 


Feit isa 8 
ee 


Distance of the foll 
_ sition 28° oN S. 


res 


Sel tad ” ; ps 
tiie ripe P itt Phy Lin Me 


as Ree 


tae J ; 


~The stars of fils mul ip 
as unequal. ~The nearest 
45" Position 24° 23', N 
diseinee 1s. me dW oth 5 and th 
56 Ne ee ee ee 


ae =n 
Said ter Gey indice patie 
re: et 


‘Aa he aie ae 
c pial stars. rata a. vn 


mS 5 


is about be minute, ; pa 


poe steht Abode 
if i oS, rm sig: is 

_ 0 or! 10 0 Ce sce ae A 

The seals i of a) nearest i isa little. more © 
than hs 5 rhinute, a that of. the farthest not | 
much more. tay LED! TR Re aig Re SE 
Fas ke, 5 AN eo e%, eee ; f bow Sia Rep E SE | 


an 
353 


Gx 
* 


ane oy 
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14 Great Dog.” | 


fk ia nearest are extremely unequal, the CHAP. 
largest being reddish white, and the smallest nome! 
dusky. Their distance is 1’ 5” 28’, and 
their Ronee 26° 24/ NL. FL % 


> 


att or 44 ern 


The nearest are extremely unequal, the 
largest being white, and the smallest red. 
Their distance is 1’ 11” 26’, and their posi- 
tion 66° 36’ S. P. The farthest are very un. 
equal, the smallest being red, and about 13 

distant. Position 70° or 75° ss Be 


8: or 68 Taurus. 


j This star has othe twoin view. The near- 
"est are excessively unequal, the largest being 
white, and the smallest dusky. Their dis- 
tance with 278 is 1’ 8” 18’, and their posi- 
tion 35° 24’ S. P. . The farthest are extreme- 
ly unequal, the smallest being red, ane about 
ly distant. - Position 50° N. P.. 

a 


Me vise ve 07, 80 Hydra. | 


This star has two within about 2’.. The 
nearest are excessively unequal, and the ie 
 thest extremely unequal. Both &. F. 


e. 
bad < 


Kak: Timea esa cou BE,, 
Shh aT | 


- 


wie ah 
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. On Clustering Stars and the pfilly Way. 


By examining the stars’ ‘that aie: scattered 


a over the milky way, it will appear that they 


On the 
Milky 
Way. 


are unequally dispersed, and that they cluster 


together into many separate allotments. In 


the space, for example, betwen 6 and y Swan, 


the stars are clustering with a kind of division 


between them, so that they may be consider- 
ed as clustering towards two different. regions. 
Dr. Herschel, found from observation, that the 
space in question, taking an average breadth 
of about 5° of it, contains more than 331,000) 


stars, which gives 165,000. for each clustering 


collection. These clustering collections are 
brighter about the middle, and fainter near 
their undefined borders. 

The milky way isa nie zone isitch 
makes a complete circle in’ the heavens. It 
traverses the constellations Cassiopeia, Perseus, 
Auriga, the east arm of Aries, the feet of Ge- 
mini, a part of the Great Dog, the middle 
of the Ship, where it is most luminous, the Cen- 


taur, the Cross, the southern Triangle, the Al: | 


tar, the tail of Scorpio, the bow of Sagittarius, 


a part of Ophiuchus, where it separates into 


two branches, and again unites, the shield of 
Sobieski, the tail of the Serpent, the Eagle, 
the Arrow, the Fox and Goose, one bbl and 
the head of Cepheus. » 

‘Dr. Herschel has found, ne numerous. an 
servations, that the brightness of the Milky 
Way is owing solely to small stars; and that 


the compression of the stars increases in pro- 
portion to the brightness of the Milky Way. 


In order to account for this singular zone 


of stars, Dr. Herschel supposes, that the Milky 
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Way isa large nebula, in the inside of which CHAP. 
the Sun is placed, but not in the centre of its 
thickness. The Milky Way, therefore, ac- 
cording to this hypothesis, is the projection of 
the nebula upon the concave surface of the sky, | 
as seen from a point within it. Thus, if the "ag 
solar system be supposed at S$, in the middlez:. 
of the nebula a 6c de f, with two branch- 
es ac, bc, the nebula will be projected into a 
circle A B C D, the arches ABC, AEC being 
_ the projection of the branches, ac, bc. 
In order to ascertain the place which the 
Sun occupies in this nebula, and the form of 
the nebula itself, -Dr. Herschel has put in 
practice a method which he calls sauging the 
heavens, and which’ consists in repeatedly 
counting the number of stars in ten fields of 
view very near each other. By adding the | 
numbers of stars in each field, and cutting off 
adécimal, he obtains a’ mean of the number of — 
stars in that. part of the heavens. Dr. Her- 
schel then supposes, that the stars are equally 
scattered; and from the number of stars in 
any part of the heavens, he deduces the 
length of his visual ray, or the distance 
through which his telescope has penetrated, 
or, what is the same thing, the distance of 
the remotest stars in that particular portion 
of the heavens. In order to understand — 
this, let us suppose, that the Milky Way is a 
nebula, and that the solar system is not im its. 
centre : Then, upon the supposition, that the 
stars are equally scattered, it 1s obvious, that 
the part of the Milky Way where the stars. 
are most numerous, must extend farthest from 
the solar system, and vice versa, Proceeding 
m.this ee Dr. Herschel has found the aie 
Ff? 
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GHAP. of his visual ray for different parts ‘ee the 
ae itl heavens, which, in some cases, is equal to 497 


Plate V, 
ay Fig. 


times, the distance of the nearest fixed star, and _ 
he has delineated the section of the nebula 
’ forming the Milky Way, asrepresented in Fig. 7, 
Plate V. This section makes an angle of 35° 


‘with our equator, crossing it in 124% and 


$044 degrees of R. ascension. The horizon of 
a celestial globe, rectified to the latitude of 55° 
N. and having ¢ Ceti on the meridian, will re- 
present the plane of this section. If the solar 
system is at S, the brightness of the Milky 
Way will be greatest in the directions § a,§ 4, 

S p, where the stars that- intervene are most 


_ numerous, or where the visual ray is longest. 


In the lateral directions S m, Sn, the nebu- 
Josity will not appear from the small number 


_of interposing stars ; and in the direction S c, 


on account of the opening between a’ and 3, 


there will be an empty space contained, ‘be- 
_ tween these two branches, where the nebulo- 


sity is not observed, as is the casein the Milky | 


_ Way between » Scorpio, in the south, and 
-Cygni, in the north, a length of about 102 de- 


grees. The circle in Fig. 7 described round 
S, is at 40 times the distance of the nearest 


- fixed stars, and probably compr chends all those 


that are visible to the naked eye. 

Dr. Herschel, therefore, considers the milky : 
way aS a very extensive branching congeries of — 
many. millions of stars, which probably owes 
its origin to several remarkable large, as well 
as pretty closely scattered small stars, that 


may have drawn together the. rest. He sup- 


poses, that there are many parts of the Milky 


__ Way where the stars are drawing towards se- 


condary centres, and may in time separate 
into different clusters. Some parts of the 
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Milky Way, he imagines, have suffered greater cHap, 
ravages than others, aud particularly that 

part of it in the body of Scorpio, where there 

is a large opening or hole, about 4 degrees 
broad, and almost destitute of stars. The stars 
which once filled this vacancy, he supposes 

to have formed the 8th nebula in the Con- 
nowsance des temps, which is a rich cluster of 
small stars, and is just upon the western bor-— 

der of the opening. 

-Inlooking out at the sides of the debut of the 
Milky Way towards Leo, Virgo, and Berenice’s 
hair, on the one side, land towards Cetus, on 
the other, where the intervening stars are very | 
few, Dr. Herschel observed a remarkable pu- 
rity or clearness in the heavens ; whereas the 
ground of the heavens became troubled to- 
wards the length or height of the nebula, 
The troubled parts arise from some distant 
straggling stars, which can scarcely be distin- 
guished, but. which Dr, Herschel has discover- 
ed after long examination, 

‘There are several other nebuls in the hea- 
vens as large as that of the Milky Way, and 
which will, therefore, exhibit the phenomenon 
of a lucid zone to the planetary worlds that 
may be placed within them, 


8. On Groups of Stars. | 


Groups of stars succeed to clustering stars 
in Dr. Herschel’s arrangement, A group isacol- 
lection of stars closely, and almost equally,com- 
pressed, and of any figure or outline. There is 
no particular condensation of the stars to indi- 
cate the existence of \a central force, and the 
_ groups are sufficiently separated from neigh- 
bouring stars to shew, that they form peculiar 
systems of their own. 


s 
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ron On Clusters of Stars. 


us . ry 
oP At 


Dr. Hes eye aren 7 of stars as the 


@HAP. 
x. nificent obj 
l ‘most magnificent o jects in the heavens. 


They differ from groups in their beautiful-and 
artificial arrangement. ‘Their form is gener- 
ally round, and their condensation is such as. 
to produce a mottled lustre, somewhat. resem= 
bling a nucleus. The whole appearance of .a 
cluster indicates the existence of a central. 
force residing either in a central. body, or in 
the centre of gravity. of the whole ayeten., Wes 


The following cathlonne: collected Froth De 
Herschel’s papers, contains the position of 109, 
clusters of stars, divided into two classes. The 
first column contains the number of: the clus- 
‘ter ; the second, the star near which it is pla- 
ced ; the third, its distance preceding or fol- 
lowing that star; and the fourth, its Getonios 
north or south of the star; and the Sifth, i 
magnitude i in-minutes. ‘hus, the Ist aes 
in the catalogue i is near p Gemini. - Its right 
ascension is 10 greater, or it follows the star 
at the distance of 10 minutes in time ; and 
its declination i is 12/ north of the star. 


Catalogue of Clusters of Stars, fromm the Ob- a 


” 


12 Menocer. 


1% Virg. 
11 Bootes. 


{89 Ophiuchi 


ly Sagittee 


18¢Pisc. Aust. }1 
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-» servations of Dr Herschel. 


’ . ea ok Re 
_|Stars by which|Asc. in time} Difference 
the clusters may hetween the! in declina- 
be found. ' {cluster and} tion. 

_ {the star, ie 


Sree aes, re 
Sane) oe 


= 


h 


4 Sextant. 
2 zg Gem. | 
67 Gemin. | 
42 Com. Ber: 


ca tn tr tp ta 


os 
C2 OC OF 


" j 
mOowe= OoOanl ON OMT POS POOH 


Antares . 


43 Ophiuchi | 


har =i 2) 


9 Vulpec. 
34 Sagittee 
12 Sagittee 
42.» Gem. 

11 Monocer, 
24 14 Libre - 
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25 Gemin. 
31 Monocer. 
46 » Sagitt. 
58 » Cygni” 
27 x Persei 
53 d-Perset 
22 Monocer. 
75 | Leonis 
8 Lacerte 
‘7 ¢ Cassiop. 
373 Cassiop. | 
801 - See 
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33| 7 < Perset GF 0 22.8. 
34 | 7 x Persei  0.F.) 0.23. S. 
35 | 15 x Cassiop, 90.0.1 mates. 4 
3616 Navis . 45 P.|1 558. 
37 | 26 Hydre 30 P11 0 NA 

“138 | 50% Aquila 50 P.} 118 S| 
39| ¢ Pixidis Naut. » 39 P.| 0 19 goes 
40 | 53 » Serpent. 4817 P10. 2. N.1. 
41 | 35 Draconis eA SN Sy ak ORE A | 
42\3 4 sn as na a he 26°P. 11° 6°58. 

Large or i 389) 


| IL L Pretty much compressed Cues of 


Stars. eae ; 


90 le Tae ao. Pa Bs OP. ESO Sey 
8 Monocer. 6 8.17 Fe} On23.aNie 
8 Leporis 72 30 P.|0 30 S. | 
15 2 Orion 3 6F.}/1 10 N.} 
13 Monocer. 315 P.|0 28 S.] 
50 Gemin, 853) FL 2" 9.08. 
Sp Sagit. [15 54. F-.0 8.8, 
41a Cygni _ AD Fey 2 ids iiteat 
12 Vulpec, 0 5 P.|0 30.N. 
7% Navis 6 66 F.|0 40 N.} 
1] 19 Navis 040 P.}0 3 N.}. 
6 Navis” 31 59 P.|1 N. | 
| 2 6 Canis .7 10 PB.) 0 44 8. | 
| 18 & Canis $17 F.1 0.20 N.} 
26 Canis f. 22 FL 82 oN: 
/1 56 F.}0 16 N.t 
betes » 6426 Fe 1S NS 
| 12 Vulpec. 7 56 P.| 0.44 N.] 
21 Aquilz © 549 P.| 1 55 Nw]. 
7 Monocer.: 1 3 F.10 35 N.} 
109 2 ‘Tauri, (14. 59eP) | 16 Bho N,'}: 
13 Monocer. Ho Sl4Srk. | O Bie dN 
1Si» Canis > +32 6:F.10 39-8.) 
60 Orion | Le. 9) PLO 8. 
‘8 Monocer.. 11 46 P.|0 49. N, 
6 Monecer.. 8 SOE? | deere 6 
2 Navis 8 23 P.|0 47.N. 
5 Scorp. | 7.14 P./0 88 N. 
14 Sagittar. £135) P.) 0...9:.Nu1 
ae. ad 1 29 F.10 25 S.. 


| 58 Androm. 
ll am mung 
13 « 
702 Ook’ ‘i 
18 Monccer. 
77 Orion 
22 Monocer. 
21 ¢ Aurig. 
3 Lacerte — 
24 » Cassiop. 
|le— 
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45 | 373 — 


10 Camelop. — 
82 Cassiop. | 

45 '— 
81 22 Cygni 


Sam aarD 
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a Camelop.+ 
2 , Cephei 

i 6 Cassiop. 
40 Aurige 
| 6 Navis 
183 Cygni 

47 % Persei. 
| 41 Persei Hev. 
119 Aquile 
g Pixid. Naut. 


ee SEO 


2 Navis 
7 Cephei 


15 x Canis | 
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10. Of Nebula. ceoktig ois | ne if 


atte it 1, 
i | 
RA Ve 


a ete to inye: ‘Beublcl: “nebule may : 


devas be resolved into the three last-men-_ 


tioned classes. Collections of clustering stars, 
when removed to a sufficient distance, may 
have the appearance of a nebula of any shape, | 


and will seem to be gradually brighter in the 


- 


middle. Groups of stars may also, at a great 
distance, resemble nebule; and clusters of 
stars ‘that cannot be resolved by the most 
powerful telescopes, will appear ‘like’ round 


nebulz, "agen in A poate towards: the 


centre. 

Mr. Michell has sflion’ Std che ednipiitation 
of probabilities, that it is many million million 
chances to one, that the stars which appear to 
form double stars, &c. clusters and nebule in 
the heavens, are really collected together into 
separate systems, In the case of the Pleiades, 
for example, he computes that it is 500,000 to 
1, that no six stars out of the number of those 
that are equal to the faintest of them in 
splendour, scattered at random in the whole’ 
heavens, should be within so small a. distance 
from each other as the Pleiades are. 

A similar opinion was maintained by Pro- 
fessor Kant and M. Lambert, who supposed, 
that all the stars in the universe are collected. 
into nebule ; and that all the insulated or scat- 


tered stars which appear in the heavens, be- — 


long to the particular nebula in which our 
system is placed. We are indebted, however, 
solely to the genius and industry of Dr. Her- 


. schel, for perfecting these sagacious views, and 
supporting them by a body of evidence a-. 
' mounting nearly to demonstration. He has 


oa an 


-ebserved the position, magnitude, and struc- CHAP. 
ture of no fewer than 2,500 nebule. He ge- 
nerally detected them in certain directions, ra- 
‘ther than in others ; and i in many parts of the 
heavens there were vacant spaces, both pre- 
.ceding and following the nebulous strata. 
Dr. Herschel supposes’ the nebula in Cancer, 
and that of Coma Berenices,, to belong to two 
strata which are nearest the nebula of the 
Milky Way. 

The following catalogue of iebule’ is found- 
ed chiefly. on the observations of Messier, as 
given in the Connoisance des Temps in 1784, 
the more recent observations of Dr. Herschel 
being always added. The jirst column con-— 
tains the number of the nebula, and the time 
when the observation was made; the second 
and third, its right ascension and declination 
for that time, which are more convenient 
than their longitude and latitude for finding 
them on a celestial globe. The fourth, its di- 
ameter in degrees and minutes; and the /ast, 
some general remarks on its appearance. All 
the nebule in this class may be seen with 
good telescopes of a moderate size. 


a 
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Catalogue of 103 Nebula, the Positions of ida 
have aki determined iby Messier. 


ss 2 ti 


Position of the Nebulx. | right scart ’ 
| in Degrees, | 


Dediation £ 


58 Above theBull’ssouth} | 
; ome horn, west of Z, 80 0 33/21 45 27.N. 


aye star, “1320 17 O11 47. «0. S. 


eae. 
re es Reciat and 
Cor Caroli, 


(202.51 1929.82 57... 
: Near Antares, , : lo. 2 | 5625 55 40. S.| 


Sagittarius and the 
ate ball OF Scorpio, 

. {Near the preceding, 

. _ |Between the bow of Sa- 
| gittarius, and the R. 
foot of Ophiuchus, 


267 29 3084 21 10. 8.1 


256 20 36)18 13 26. S. 
In the girdle near 30) © = a a Ase 
Ophiuchus, 
-|Near K. Antinous, 


Between the arm and 
the leftside of O-[.:. lids ‘ 
phiuchus, 248 43.10) 2 30 28. S, 

In the girdle of Her-| 5 agit 

cules between 2 stars 

| of the 8th mag. 

In the drapery over the 
R. armof Ophiuchus,| 
Between the head of 
.. Pegasus, and that off - 
. the Little Bore) 


248 18 49196 54 44. N. 


p 


WAU Ease GP smell stars. 3 | 
An elongated mass of stars. Near this mass is 
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_ have been determined by Messier. 


on =! 


_ General Remarks. 


\ 
RES AEE, 


A whitish light elongated like the flame of a ta-| 


per. It exhibited a mottled nebulosity to 
Dr. Hexdohiel 


Ii is like the nucleus of a Comet, surrounded with 
a large round nebula. Dr. H. resolved it in- 


to stars. 
ae 


It is round, bright in the centre, and fades away 
+ gradually.. It exhibited a grtinnig nebulosity | 


to Dr. Et 4k 
‘A mass of small stars. 


| A reund nebula. Resolved i into staré sby Dr. H.| 
| A mass of small stars, 


dase 


‘the 9 of Sagittarius, which i is. singe with a 
~ faint light. ta 


3 


| Round and faint ; : Ae revalved by Dr. H. ‘into 


‘stars. 


A fine and roid nebula. Resolved into stars by: 


Dr. H.. 
A mass of many small stars. mixed vaitl a Sine 
light. 
Round and faint, Near ‘it is a’star'of the 9th 
- mag. Resolved by. Dr: Heinto'stars. 


Round and bright in the middie.» Resolved by 
Dr. H. into stars. ~ ! Rt 


Round and faint. Near a star sf the 9th mag, 


Resolved into stars by Dr. H. 


Round and bright in the centre.” Resolved into 


‘ ae He : \ p 
gk” (i i ne 


stare by ae 


+ 


hg 
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Pye 


24. 


vee 


30. 


33. 


{Near 11 Sagittarius, 


Near the end of the 


Node the riba tee an 15S 5 918.51 51 44, N. | 
North of the bow. of : 
“Sagittarius, — 
Above the preceding, 271 
{Between Scorpio and» 
|. the R, foot of Ophi- 
uchus, , 


271. 


252 


_ Sagitt. and the R. 
foot of Ophiuchus, 


Near 25 Sagittarius, 
Near 65 Ophiuchus, » 


~ bow of Sagittari ius in}: 
the Milky Way, 
Near the preceding,| 
near 21 Sagittarius, 
Near 2 and o Antinous, 
Near 14 of the Fox, 
A.. degree from a Sagit- 
tarius, | 
Belew y Cae 
Near 41 Capricorn, 
In. Andromeda’ $ an 


| die, ve 
Bilis the preceding, 7 
Below the head of the] — 

N. Fish and. the 

Great Triangle, 20 
Between Medusa’s head 

and the left foot of 

Andromeda, 36 
Near « and » Castor, 83. 
Near ¢ Bvotes, 80 | 
Near the preceding, 84: 
Near ¢ Auriga, © 78 
Near the Swan’s tail, |320 
At the root of the G. 

Bear’s. tail, 182 
Below Sirius, — 98 


+ Bageede gande inO} > 


rion’s sword, 


45 4816 14, 44, 
34 S17 13 14, 


aw 


4 522 59 10. 
3529 31°25. 
3924-6 11. 
5018 46 55. 


? 
i bia ‘is 


- 


29,37 EDS T. 
1624 19 Ae 


3939 9 39. 
$298 4 AS 34. 


9 eae 32 23. 


4525 a he 


018 26 0. 
019 5 0.S. 
5 25} 9 38 14, 


41/22 4 0. 
30.24 57 11. 


PAnn 


s 
S 
S 

N 
S 

NJ 
si 

N 

N 


NJ. 
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' |.A mass of small aide mixed wel a faint igh, 4 4 ; 


| resolved by Dr. H. 

A train of faint light with stars. 
A mass of small stars surrounded with nebulosity. | 
Round, and resolved into stars by Dr. H. 


#%; mass of stars af the Sth and oth magnitude, 
surrounded by ee roa ts 


The same as the preceding. 
‘Round, and resolved into stars by Dr. H, 
A. mass of stars very near each other. , 
Great nebulosity, containing several stars. The 
light is divided into several + ap Resolved 
into stars by Dr. Hi. 
A mass of small stars. 


A mass of smell stars. | : 
Ova). It exhibited a mottled nebulosity to Dr. } 
H. 
Round, and reagived inte: eta by Dr. H. 
A mass of 7 or § small stars. 
Round, and resolved into stars by Dr. an | 
1 It reeanbies two cones of light joined at their} 
base, which is 15’ broad. Resolved into stars | 
by Dr. Ft... | 
Round, athe stars, and with a faint light. : 
Its light is uniform and whitish. It exhibited a| 
| mottled nebulosity to Dr. H. 
‘| A mass of small stars. 


A mass of small stars near Castor’ s left foot. 

A mass of small stars, 

A mass of small stars, with a vebulosity, resolv. 
ed into stars by Dr. H. 

A square mass of small stars. 

| A mass of small stars. 

Two stars very near one ano tiers 

A mass of small stars. 


j Bie cuueinin small stars. 


VI, Sup. Fig. 42. 


nN beautiful, ; nal 
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Above ihe seeing | sp 30) 5 26 37 S 
44 |Between y and > Cancer.|126 50 3 20 31 38N. 
AI N. 


45 |The Pleiades. "53 27 4/23. 22 


46 
1e7l 


ay 
48 


52 


'|Between the G. Dog’s 


head and the hind ese She PSS 
of the Unicorn. 112 47 43/14 19 7 S. 


Near the preceding.  |116 3 5814 50 8 S. 
Near the three stars at : | 


the root of the Uni- 
corn’s tail.  - 1120 36 


1 16 42 S, 


' {Near ¢ Virgo. (1184 26 58} 9 16 ON.) 
Above ¢ Great Dog. 102 57 2817 57 42 S. 


Below » Great Bear. 1). 
Near the ear of the#/200 5 4848 24 24 N. 
Northern Greyhound. ree 


Below d Cassiopeie. 348 30 27160 22 12 N. 


Near 42 Berenice’s hair.J195 30 26|19 22 44 N. 
In Sagittarius. = —«- |280 12 55380 44 1S, 
In Sagittarius. | 201 30 25131 26 27 s. 
ear the Milky Way. j287 0 1129 48 14N. 
Between y and ¢ Lyra. 281 20 §i32 46 3N.) 
In Virgo. 186 37 23113 2 42 N. 
Near the preceding. 187 41 38112 52 36N. 
In Virgo. 188 6 53/12 46 2N. 
In Scorpio. 251 48 24129 45 30 S. 


In the Canes Venatici. [196 5 30/43 12 37 N. 
In Berenice’s hair. 191 27 38 


22 52 31 N. 


oe 
ree 
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_|- A star surrounded with nebulosity. 

'| A mass of small stars. 

| Cluster of stars. 

A mass of stars, with a little nebulosity. 


A mass of small stars, 
’} A mass of small stars. | 


-| See Mem. Acad. 1779. as 
Mass of small stars below Unicorn’s right 
thigh. 


“Double. The two Srasiaso eae Shah cen- 
tres are 4’135”’ distant, touch one another, 
and are bright in the middle. The one 
is fainter than the other. Resolved into 
stars by Dr. Herschel. 


Mass of stars, mixed with a nebulosity, 
according to Dr. Herschel. This cluster. 
appears like a solid ball, consisting of ‘small 
stars, quite compressed into one blaze of 
light, with a great number of loose ones 
surrounding it. See Plate V, Sup. Fig. 10. 

Round, and resolved into stars by Dr. Her-- 

| sehel. 

Faint, and bright in the centre. _ 

A white spot, resolved into stars by Dr. Her- 
schel. 

Faint, and resolved into stars by Dr. Her- 
schel, 

Round, and doiaeating of a mottled nebulosity. 

Very faint, without any star. 

Very faint, without any star. 

Brighter than the two preceding. 

Very faint. 


| rounded with a faint light. Resolved into 
stars by Dr. Herschel. | 

Very. faint. 

Paints 2 


Vol I. 


Like a comet, with a brilliant centre, sur- | 


: {In the Whale. 


) Beer the Fare. 


_ |Near the preceding. 


{Above and near pi 


Above the precedins rh 


On the Fised aby 


In the Lion. i's q 
Very near the preceding. 1 il 89 14 12 21 N. 


Below the southern claw “ab | 
| of the Maer 1129 6 B72 36 38 N. 


Below the Crow. 

\Below the left arm of 
Sagittarius. _ 

Near the preceding. 
Between y and 3 Arrow. 205- 


Above the tail of Capri 
corn. 


Near the preceding. | 


Near » in the string that 
connects the Fishes. 

Between Sagittarius and) 
the head of Capricorn. 

In Andromeda’s right ) 
foot. ©" 


In Orion. = * 


Beturden g and 9 Scor- 


pio. 
Near the ear of the Great 
Bear. 


Tn Virgo. 
In Virgo. 
In Virgo. 
Near No. 87. 
In Virgo. 
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A mass of stars, with Lideslosstes It is a 
cluster, pretty much compressed, in which 
Dr. Herschel has observed 200 stars at once, 
with a power of 15 57 in his great reflector. 

Very faint. — 

Faint, like the nucleus of a small comet. 


Near four telescopic stars. _ 

Very faint, and resolved into stars by Dr. 
‘Herschel. 

; Faint, but resolved into. ents by Dr. Herschel. 


Three or four small stars, containing a little |. 
nebulosity. 

Very faint, but resolved into stars by Dr. 
Herschel. 

| Composed of small stars, with nebulosity. 

Mechain makes it only nebulous. 
Composed of small stars, with nebulosity. 

| Small and faint. 

A. mass of small stars, containing nebulosity: 

A mass of stars, with two bright nuclei, sur- 
rounded with a nebulosity. 

A fine nebula, bright in the centre, and a 
little diffused. Resolved into a mottled ne- 

_ bulosity by Dr. Herschel. 

Round and bright in the centre, like a comet. 


A little oval, bright in the centre, and exhi- 
biting a mottled nebulosity to Dr. Herschel. 

Faint, and elongated, with a telescopic star at 
its extremity. It shews a mottled nebulo- 
sity to Dr. Herschel. _ 

Very faint. 

Bright in the centre, and shh ocien = ne- 
bulosity. 

Very faint. 

The same as No. 84, and near it. 

As luminous as the preceding. 

Very faint, and like No. 58. 

Very faint. 

| Like the preceding. 

Fainter than the preceding. 


Gg 2 


. ied Se Faint, but resolved into stars by Dr. Herschel. | CHAP. 
| Very faint, but resolved into stars by Dr. Xx. 
Herschel. a) 
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‘left leg of Hercules. 257 ¢ 38 sits 21 59 Ni 


‘Between the ‘Great Dog} 
and the Ship. © 
Above Cor Caroli.’ 


, in the ayy above l. 
Near the preceeding, | 
Near @ Great Bear. | 
Above N. wing of Virgo. 


» JOntheN. wing of Virgo. 55 10/15 8.3 12 x 


Mn the ear of corm mp) : 

Virgo. - 59 1916 59 21 N. 
peeecaereuh left hand of ok a ? Poe eS 

Bootes and the tail: Of Peace an | | . 

| «the Gieat'Bear. 208 524155 24 25 N. 

{Between » Bootes bay nh i a : 

4 «Dragons ° 

(Between « and'3 Cassioq: 


~ pele. 
ot A 
i 
7 
5 * 
ie 
bs 
ae: , 4 i u8 
2 2, we 47 
¥e ‘e 
se ai 
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5’ , A beautiful l nebula, br bright ht in the centre, and 
i - surrounded with great nebulosity. Resolv- 
ed into stars by Dr. Herschel. | 
8’ —_ | A mass of small stars. 


72 30'! Bright i in the centre, with a diffused scales 

sity. 

Very faint. 
Fainter than the preceding. 
2! Very faint. Anothernear 1 it, andanother near 7» 
Very faint. 
Brighter than the Hom 3069 Reseeen two. 
stars of the 7th and 8th paanibade: 

Like the preceding. 


"is Very faints’ Discovered by Mechain. Mot- 
tled poe according te Dr, Herschel. 


Very faint. pared Me Mechain. 


A mass of stars. . . Hering? 


CHAP. 
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‘CHAP, Dr. Herschel has divided the nebulze which 

E ™* he has observed into eight classes, viz. 1. Bright 

nebulz. 2. Faint nebulz. 3. Very faint ne- 

bulz. 4. Planetary nebula. 5. Very large 

nebulz. 6. Compressed clusters of stars. 7. 

Pretty much compressed clusters of large or 

small stars. And, 8, Coarsely scattered clus- 

ters of stars. e a: : “ 

In the following catalogue we have given the 

whole of Dr. Herschel’s first class, amount- 

ing to 288, being those which may be most 

readily seen by ordinary telescopes. It does 

not include any that are given in the preceding 

catalogue. Our limits will not permit us to 

give Dr. Herschel’s remarks upon the nature of 

each nebula. We have, therefore, confined 

the catalogue solely to their position in the Hea. 

vens. The letter F. signifies following, and P, 
preceding, S. south, and N. north. 
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CATALOG UE of Two Hundred and Eighty. 


eight of the First Class, or Class of Bright 


Sieh according to the Observations of Dr. 


OMAnNOaARhONH = 


_ 43 n Leonis 


Serene TRY 


82 Ceti = 
3 Leonis = 
84 Sextantis 


81 Leonis.s = 
64 Virginis . 
49 Leonis  - 
32 2 / Virgin 
10 7 Virginis: 


5 Come Be. 
6 Come = 
69 Leonis = 
29 y Virginis — 


146i Leo f 
11 Come = 


- 73 n Leonis — 


34 Virginis - 


30 ¢ Virginis — 
34 Virginis — 
52 K Leonis 

46 i Leonis — 
34 Virginis - 


lz and the Star, 


_ M. 
phy: 
18 
28 
28 
alge: | 
33 F. 
126 45 F. 
2 350 FF. 
Bt a2 a 
3 37 F. 
ily SO aks 
Oi 120 Fs 
7 
O 


Ss. 
17: 
7 P. 
oa) Pe 
27 P. 
2 P. 
56 


G7) rs 

43 F. 
Bi 25 
34 F. 
50 -F. 
18 F, 
30..P, 
8 52 F. 
Si Ars 
24 P, 
>We i 
Ngee a ot 
4 45 F. 
3. 45 'P. 
47 F. 
36 P. 
bie Or 


Alerschel. 
First Cass. 
ae : Difference of Ri ht | 
Fa by which th De ae 
2 grey et “4 Ascension in Time} Difference in — 
= fonkid. between the Nebu-| Declination. 


CHONOOCOCOKHOMHOORFOCONQDOOOOOCOCORFOYD 


8 N. 
12 8S. 
13 S. 
10 S. 
7N. 
1 S. 
40 S. 
48 N. 
35 S. 
4 N. | 
11.8. 
9 S. 
2N. 
23 N. 
58 N. 
13 N. 
32 S. 
29 S. 


on 
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31 1 d Virginis "SY SRSOt 0. 32° N. 
31 1 d Virginis 0 Pwieo, 37. N. 
11 P. 0. 28 N. 
9 ¢ Virginis  ~ 12 FP. foe. 
59 e Virginis | 42 F. |*'0.'34 558. 
34 Virginis - 42 P lee Sa. 
24 P. Oo 20N. 
32 2d Virgin S67, O. ON.’ 
51? Virginis — 36 P. OLNT4S Se 
; age 48 P. o 2N. 
28 Virginis — 24 F, Bes 2° 4M 
26 x Virginis Pvages OP Oo 8sN. 
40 g Virginis 6 P. Oo 51S. 
51 e Ophiuchi 18°R. Oo ON. 
43 Ophiuchi — | 86: Pes en aon 
54 F. 1 40N. 
1m Aquile —- 48 FF. | 0, 33/8, 
43 d Sagittarius Ade ane 1 44N. 
10 y Sagittarius 18° Poh 0 223 IN. 
19 9 Sagittarius oO F. OF 38a a, 
22 A Sagittarius 12 F. eee tek Be 
17 Delphini 0 E Doda, 
664Cygni = OTs le Ol ane 
35 v Andromeda SD Bey bo Th Ow ne 
66 Pegasi  - 59 Pec OL 2) Ne 
4 a Leonis 406 F. 1420, 5 
19 Eridani. — OO. F, bay 9a) S,) 
154Navis |- 16 ES PD 2tiNe 
Jg.Eridani — SLi Poe Oy Ores 
6 Sextantis - 42) Poe: O° BS LINS 
55 f Ceti = 25. -Poe tbs COONS 7 ONE 
so. Ceti - - 130 Fs oP BOOS Sa 
8 1 ¢ Eridani ‘O.P. OL. Shee 
31 Crateris — 30 Peo Orvoarne 
12 Hydre = 2s qv ol ger 
8 2Corvi — Wl 8 2° TON: 
53 Virginis — 40 P. Ling A aN 
AUP | Beans 
106 Virginis = ba Oo 54N. 
192 Libre - 3.8, Tae ADIN. 
23 Leonis min. Pg even he" 6 PED he Bia 
13 Can. vena Ne ak ihe O22 
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18 Leonis min. 


a ae 


l 


ba | . ; ee. 
(13 Can.-vena Preiieis 11583 
PO dS Ouse 
Rey. Ox) 52 98s 
| ets Pe O 23 N. 
27 UDrse | = Nod raged Re ae Sg 
. F. 1 17N. 
F. O 40 N. 
41 Leonis min. — 1 1 40 N. 
14 b Come» — be 0.14 Sy « 
2igCome — | F. 1 12N. 
ra i. OQ: $5.N. 
40 Come -— ie Ob) LS'IN: 
39 Leonis min. P. O 50N. 
44 Leonis min. Pasco cin 
F. 3G) aa. iNet 
146 Come = Pr 0. 55 N. 
. 1 57 N. 
15cCome = F. O 19 N.. 
F, 6 ET Le tah 
31:Come ~-— F. 3} 24° 
61 Urse = F. a TIN 
F, » Fe Ab 
14,.Canum = Be ted ADA 
‘ F. O 47 N. 
re ag | Fs O° 12°8: 
27 y Bootes = P, PH 4618. 
41 Ceti. = F. O 48 N. 
67 Ps O 25 N. 
oa O 13 S. 
14 Delphini - Pi 0 3458S. 
93% Aqua. —' FS O 42N. 
47 Ceti = F. Oh: 37054 
89 = Fy 1 24 8, 
20 Eridani — BY Ley ASS 
111 2 Piscium P. Oecd oe 
12 Eridani = 7 ie oe 2 54.N. 
g Ceti . = P. Ne AIP OMSK 
Py Oo. (OeRe, 
5 y Arietis = Fy 0 17 8. 
66 4th « Can. F. 1° 34 N. 
0 
| 
aa 
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46 Urse = |. P. 
3% 1st d Virgin. | nat 
302 Cratert = | P; 


13 n Virgin. 
574 Eridant =| 
60 ¢ Virg. = 


108 

110 

26 x 

Y4s Crateri - 


20 Hydre = 
49 g Virgin. = 


68 « | 
41 Lyncis' = i 
102 e Hydrx ‘ 
11s Virgin. = bE. 
‘ Fy ai 

37 i P. 
43 6 Virgin. = i. 

Pp. 


109 


Pp, 

43 Ophiuchi P, 
24. « Serpen. P. 
40 g Ophiuchi Fj; 

F. 
71 ¢ Piscium =| F. 
24% Arietis — 3 P, 
59 2d » Ceti '= Ps 
14 Triang. F; |}: 
32 Emdani — . F. 
12 9 Persel = P. 
gO v Pisclum ut 
48 y Eridani — Pp; 
20 x Cassiop. r. 
29 v Virgin. ~ . 
6 Come = 
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29 ‘Come 


| 20 Sextantis 


38 Leo min. 


 O Canum +. 


6 Canum = 


20. FS ee 
53 2d, Bootes 
31 Leo min. 
53 ¢Urse = 
13 Canum  ~ 


ae 
20 


‘1 Serpentis «= 


-8 Libre vs 
19 a Bootes 


388 2dhk | 
24 g ; 
¢ Canum 6m. 


3 Lacerte = 
54 @ Androm. 
56 Urse = 

07 


bs Canum. 3 
15 Leomin — 
59 2d « Can. 


| 63% Urse = 


59 
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‘ ir MS LJ: 
8 Canumy ~— [14.39 P..| 1 
1 RAG } 14 OP. hod 
ae Wi 9. +. ORs oh bie 
60 Urse = 44-5 0. Fo tO 
‘13;Canum (- 8 AT Belt h eh 
| 60 Urse = SO 500. yd 
‘19.4 Bootes - | 110 25 P..}.2 
17 jx A: 8 26 »P. 1. 
Neb. II,. 757. 8. Q24P2 nokee 
OU reeiGt A ne 1 eo ak ae 
§4jPersey'f po Thy O° 25. F: 8) 
63 Aurige ~ 20. 43 F. Oo 
» 55.Urse’ = , 8, 83) Bats Or 
: 64 y Urse -— | 43 59 Poe 
, SUA inRR wg 8 ake ke sy ba 7 
20 20 P. | oO 
: NG 4b e 2 
Y Lanumn the oO 1Gake Beii 
if §<31,P 70 
—~64 y Urse = 83 BQ Pe dyn 
| 1S. 296Ps if: 24s 
i 5 20P uae 
bp 4OeB i Al 
83, Urse - f -20 24 F. |- 0 
eee ee 24 34 F On) 
; { by 2A opiate Os 
44.Urse 9 t 14 F. | .o: 
74. Utero oe BTU. Or 
12s Draconis’ | 66 52 P. 2 
Botts he 6G? SB" Bavidge aes 
| Uh 54 LOR A) Ol; 
- OO Urse Her. OF 55: Ouazi 
A See i B28. 20 Oo. 
| Ue Be RE a O 
19 Hyd.Crat.| 14 43 P. | O 
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cxT ITO Ge, ae: Per 85. he 
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sip aE Fie era Oe 0 13 N. 
12 Eridant — AE Pe ie WRI as ae 
A7 2Persei — PA tim ON 
17 Hydre Crat. Bsi45 0 ray N: 
23h Urse = F. O 345. . 
38 of _Connois. F. 1.358. j 
1 a’ Draconis. — an 2 44.5.4 
4 Draconis - Secrets Oy ia uate. 4 
+ Poteet = Bi 1 30 N. | 
| 37, Urse', = aA eh), id Nev 
URE SE RSAONT a IPE i a an 
39 Urse = = F. Oro. 
MORAGA S OEE pel JR 0° 4 8.4 
F. O29 N. 
F. 1 42 N. . 
oS | z: 0 55 .N. | 
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A ‘eble of. ipebulai/in oe southern pate 
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11, On Stellar N chede, or those with Burs. 


Dr. Herschel supposes The stellar ‘lebelae 
may be real clusters of stars, the whole light of 
which is collected so nearly into one point, as 
to leave but just enough of the light of the 


"cluster visible to produce the appearance of 


burs. See Nos. 21, 31, 32, 46, als 49 of ar 
folio vine Catalogue. | : 


1Be ‘On Milky, Nels. 


De Hevichel: connidérs the phenomena of 


milky nebulosity as of two kinds, one of which 


arises from widely extended regions of closely 
connected clustering stars, like those which 


form the Milky Way; while the other is real, 


and possibly at no great distance. The changes 


which the milky nebulosity of § Orionshas un- 
dergone, both in-shape and lustre, seem to in- 
dicate that it is not composed of stars. He 
conceives that’ this luminous matter may, some 


how or other, be formed by means of the light 


that is: ‘continually i issuing from the innumerable 
suns that fill the immensity of space. See Nos. 


33, 45, 714.76 See also Phil. Trans. 1791, 


p71; ‘and Plate VI, ‘Sup. Hig. 12. 


Plate VI, 
Sup. 
Fig. 14, 


13. Of Nebulous Sees: 


A nebulous star, which is represented in 
Plate V, Sup. Fig. 14, is a luminous point, sur- 
rounded with: an immense visible aot 
Dr. Herschel thinks that the central point is a_ 


‘star, from its complete resemblance to a star of 


equal magnitude. See Nos. 45, 48, 52,65, 69, 
74. See also Phil. Trans. 1791, petle 
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14 On Planetary Nebule. 


Planetary Nebula, one of which is represent- CHAP, 
in Plate V, Sup. Fig. 11, is a circular spacein *- 
the Heavens, uniformly luminous, resembling em 
a planetary disc. ‘The light of one of these su. 
nebulz, 15’ in diameter, was hardly equal to "is 4 
that of a star of the sth or 9th magnitude. 
Hence Dr. Herschel supposes that they can 
scarcely be bodies like our Sun, as a part of the 
Sun’s: disc, 1 15” in diameter, ‘would exceed the 
greatest lustre of the full Moon. 
~ & Tf on the other hand,” he observes, ** we 
should suppose them to be groups or clusters 
of stars, at a distance sufficiently great to re- 
duce them to so small an apparent diameter, 
we thall be at a loss to account for their uni- 
form light, if clusters; or for their circular 
forms, if mere groups of stars. . Perhaps they 
may be rather allied to nebulous stars; for, 
should the planetary nebulz, with lucid centres, 
be an intermediate step between planetary ne- 
bule and nebulous stars, the appearances of 
these different species, when all the individuals 
of them are fully examined, might throw a 
considerable light on the subject.” See Nos. 1, 

11, 18, 27, 51, 58, 60, 64, 70. 


15. On Planetary Nebule, ‘apith Corr eS. 


‘This class differs only from the last in having es Vv, 
a bright central point, as represented in Plate V,5 
Sup. Fig. 14; Dr. Herschel remarks, that if ° 
a gradual condensation of the nebulosity about 
a nebulous star could take plate, the star No. 73 
in the following Catalogue would be one of them, 
ain an adyanced state of compression. See 
No. 37. ag 


> Fig. 1A. 


/ 
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CATALOGUE of Planetary Nebule, Starg 
with Burs, Milky Chevelures, Short Rays, — 
Remarkable Shapes, &e. ey to the Jive | 
Se Ar ticles. eH 
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Romabhe on the Nebula in the precede Cata- 


logue, according to Dr. Hersche?'s ‘Observa- 
1100S. ’ i ‘a That fee, ‘ Oe 


! 


No. 1. A very bright planetary disc, nearly 


oe round, but not well defined.. 


2. Considerably bright. Represented i m Plate 
V, Sup. Fig. 8. 


9. Like a star with an electrical brush. Sec 


Plate V, Tig. 10. 


A. Extremely faint, like a star with a very 


faint brush. 
5. A star with a. milky ray, 15’ or 20° Jong. 
See Fig. 21. 


6. A central bright point, with a milly che- 


velure, 

8 and 9. A close double febulae ‘The che- 
velures run into each other. 

10. Star with a faint brush N. F. and two 
small stars visible in it. © 


meter. 


N. Pp 
1g], diameter, inal ana well », 
14, 1/ diameter, and resolvable into tars. 
15. A faint star, with a small cheveluire and 

two burs. | 
16. Pretty bright, ‘round, pretty well defin 

ed, and 45” in diameter. 
17. A small star, with a faint nebulous: brush, 

about 2/ long. . 


18. A round, pen well defined planetary | 


disc, ‘1 15” in diartetets 


19. A star of the 9th magnitude, with'an clip. 


tical milky chevelure, ‘ 


1h pees ap eoeery disc, 30" or 40” { dia- 


\ 


20. A star of the ‘12th magnitude, ike the i 


a 


“y 
‘Se ‘ im Wy 
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21. Stellar, with a very bright nucleus, and a CHAP. 
faint cheyelure, not quite central. 
eS Pe diameter, round, and easily resolyed — 
into stars. _ 

93. A very bright nucleus, with a  chevelure, 
about 4’ diameter. 

24. A bright star, with, a chevelure, 5’ long, 
and 4’ broad. | 

25. A considerable star, with a very faint, 
small, and irregular milky chevelure. 

26. A bright, round, ill defined planetary 
disc. It is resolvable on the borders, and is 
probably a very Conn cluster at an im- 
mense distance. 

29, A beautiful, brilliant planetary disc, ill de- 
fined, but uniformly bright, 40’ diameter. 

28. A pretty bright and large opening, with 
a branch, or two nebule, very faintly joined. 

29. A very small star, with a very faint brush 
preceding. 

30. Two stars, 3’ distant, connected with a 
faint narrow nebulosity. | 

31. Stellar, with a pretty large Bheechite. 

32. Small and bright in the middle, like a 
star affected with irregular burs. 

33. A star with milky chevelure, or a very 
bright nucleus, with milky nebuiosity. 

34, An ill defined planetary nebula. 

35. A small star, witha brush S.P. 

36. A star not quite in the centre of a aad 
chevelure. 

37. A very bright planetary nebula, about 

_ $5” diameter. Its edge is ill defined. After 
a. long attention, a very bright, well defined, round 
centre becomes visible. 
38. A considerable star, with a fain milky 
PHEVeNIE, 
~Hhe 


veel 
hea 
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(39. A bright round nebula, within 4 claster. 
;It is 2’ diameter, but is unconnected with: the 
cluster. 

40. A pretty bright star, with aseeming brigh 
north preceding it. 

41. A double star, with extensive ‘HeBulddity 
of different intensity. About the double star 
is a black opening, resembling the nebula i in 
Orion. 

42. A star of the sth or oth magnitude, with 
faint branches, each 1/ long. | 

43. A pretty bright, star, with two- faint 
branches. 

44, A star in a milky. chevelaret | 
_ 45. A star of the 9th magnitude, with 4 pret- 
ty bright milky nebulosity, equally dispersed all 
around; a very remarkable phenomenon. — 
46, A small, but pretty bright stellar nebula, 
like a star with burs. 
A7. A pretty bright. stellar nebula, resem- 


; bling a star with a bur all around. 


48. A faint star, with a faint nebuldsity, ¢ ex- 


tending 1’ S. P. and N. F. 


49. A pretty bright stellar ‘nebula, with a. 
small bur all around. 
50. Bright and round, af diameter, beitaly 


_ bright, with a margin resolvable into stars. 


51. A small, bright, and round beautiful pla- 
netary debilal 10” or 15’ diameter. ae CORDES 
considerably hazy in 1 the edges, but of an uni- 
form light. 

52. A star of the oth magnitude, with afaint | 


and small nebulosity about it, : 
53, A pretty bright planetary aie a near i a 


diameter, roundish, of ubitorm light, and | Soe 
well defined. Pe | 
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o4, A considerably bright small nucleus, with quar. 


a faint chevelure. 
55. Pretty bright and round. Its light is 


pretty uniform, but ill:defined, and a little gg 


at the edges, 1’ diameter. 
56. A considerably bright nucleus, in ‘the 


‘middle of an extensive chevelure, 5’ in diameter. 


57. A small star in a faint nebulosity. 
68. A star of the 9th magnitude, surrounded 


~ swith. faint milky nebelosity. The ‘star is either 


double or not round. Less than 1’ diameter. 
~ 59. A considerably well defined nucleus, with 
a very faint chevelure. 

60, A bright round planetary nebula, but 
indistinct on the edges, so as to make it a step 
between planetary nebule and those which are 


described as very suddenly murs brighter in the 
middle, 


61. Bright, with a bright Fottid nucleus, and 
very faint branches, extending about 30° N. P. 


and S$, F, or 8’ long, and 5’ broad. 


62. Considerably bright, and quite round. A 


“large space in the middle, equally bright, but 
less bright, at the margin. 


63. 4’ in diameter, round, and much brighter 


jn the middle. 


64. A beautiful. planetary nebula, ‘of a consi- 


derable degree of brightness, about 12” or 15” 


in diameter, not well defined. 

65. A star of the 9th or 10th magnitude, af- 
fected with a faint nebulosity all around. 
_ 66, A small star, with a pretty bright, fan- 
shaped nebula. The star is on the preceding 
side of the chevelure, and seems connected 


, with Ate 


67, Between 2’ and 3’ in diameter, round 
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CHAP. and bright. The greater part of it is equally 
- , bright, then fading away suddenly, 

68. Bright and round, with a bright nucleus 
in the middle, and a faint chevelure. joined 
to it. 

69. A small star of the sth raed with 
a faint luminous atmosphere, of a circular form, 
about 3’ in diameter. ‘The star is exactly in- 
the centre, and the atmosphere so diluted, faint, 
and equal throughout, that it cannot be sup- 
posed to consist of stars, and the star and the 
atmosphere are evidently connected. 

70. Round, considerably bright, ‘and 30” in 
diameter. It resembles an ill defined planetary 
nebula, 

71. A star of the 7.6 magnitude, ‘enveloped 
in an extensive milky nebulosity. : 
_.72. A double star of the 8th magnitude, with 
a faint milky ray S. P. joined to it, _about 8’ 
long, and 1’ 30” broad. | 

73. A bright point, a little extended, hee two 

points close to one another. It is as bright as 
-astar of the 8.9 magnitude, surrounded by a 
very bright milky nebulosity, suddenly termi- 
nated, having the appearance of a planetary ne- 
bula, icpithi a lucid centre. The border is not 
well defined. It is perfectly round, and about 
1’ 30” in diameter. This is a beautiful pheno- 
menon, and is of a middle species between the — 
planetary nebulz and nebulous stars. 

74. A star of the 7th magnitude, with a ne- 

_bulosity extending a degree all around. 

75. Three stars of the 9th’ magnitude, in- 

“volved in nebulosity, about 1’ 30/7 in diameter. 

76. Faint, with a bright nucleus in the middle, ' 
seeming to consist of stars. The nebulosity, of - 
6’ or ah, is of the milky kind. — 


i, 
OE 
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4”, A star of the 9th or 10th magnitude, cHapP. 
with a nebulous ray about 1/ 30” long on the _™ 
S. P. side. : 

78. Considerably bright and round, approach- 
ing to a planetary nebula, with a strong hazy 
border, 1’ 30” in diameter. . 


CHAP. 
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ON THE ORIGIN OF THE FOUR NEW PLANETS, AND 
OF METEORIC STONES. ¥ 


Tue existence of four planets between the or- 


.—,-- bits of Mars and Jupiter, revolving round the 


Origin of 
the four 
new Pla- 
nets, 


Sun, at nearly the same distances, and differing 
from all the other planets in their diminutive 
size, and in the form and position of their or- 
bits, is one of the most singular phenomena in 
the history of astronomy. The incompatibility 
of these phenomena with the regularity of the 
planetary distances, and with the general har- 
mony of the system, naturally suggests the opi- 
nion, that the inequalities in this part of the 
system were produced by some great convulsion, 
and that the four planets are the fragments of a 
large celestial body which once existed between 
Mars and Jupiter. If we suppose these bodies 
to be independent planets, as they must be, if 
they did not originally form one, their diminu- 
tive size, the great eccentricity and inclination 
of their orbits, and their numerous intersec- 
tions, when projected on the plane of the eclip- 
tic, are phenomena absolutely inexplicable on 
every principle of science, and completely sub- 
versive of that harmony and order which, be- 
fore the discovery of these bodies, pervaded the 
planetary system. But if we admit the hypo- 
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thesis, that:these planets are the remains of a egge. 
larger -body, which circulated round the Sun, 
nearly in the orbit of the greatest fragment, the ~ 
system resumes its order, and we discover a re- 
gular progression in the distances of the planets, 
and‘a general harmony in the form and position 
of their orbits. To a mind capable of feeling 
the force of ,analogy, this argument must have 
no-small degree of weight, and might be reck- 
oned.a sufficient foundation for a philosophical 
theory. We.are fortunately, however, not left 
to the guidance -merely of analogical reasoning. 
The:elements of themew planets ;furnish us with 
‘several direct arguments, drawn from the ec- 
centricity and inclination of their orbits, and 
‘fromthe iposition,of their perihelion and nodes, 
and all concurring to shew that the four new 
planets have diverged from one point of space, 
rand have, othenefore, been originally combined 
sas ‘a larger body. 

Toe those who are. acquainted with physical 
astronomy, it is needless to state the difficulty 
-af ascertaining : ‘the paths of four bodies, whose 
imasses are known, and which have diverged 
from ‘one common. node, with velocities given, 
iin quantity and divertiens This problem is much 
tmore perplexing than the celebrated problem. 
sof three bodies, and.is therefore beyond the 
‘grasp of the most refined analysis, Tt is not 
-difficult, however, to ascertain, in general, 
‘the consequences that would arise from. the 
‘bursting of a planet, and to determine within, 
abeetdini isis the form and position of the or- 
_. ‘pits, in which:the larger dragments would re- 

wwolve round:the Sun, 

‘When tthe ‘planet is burst in pieces by some 
‘internal force capable .of overcoming the mue 


ag 
> 


4 9 0 Ori gin ‘of the Fi ur New Planets. 


a tual attractidn’ of the fragments, ‘it is ‘obvious 
that the larger fragment will receive the least 
impetus from the explosive force, and will, there: 
‘fore, circulate in an orbit deviating less than 
any other of the fragments from the original 

ath of the large planet ; while the lesser frag- 
‘ments, being ‘thrown off with greater veloci- 
ty, will revolve’ in orbits: more: eccentric, and 
more inclined to the ecliptic. Now, the eccen- 
tricity of Ceres ‘and Vesta is néarly one-twelfth 
of their mean distance, that of ‘Ceres beingra- 
‘ther the greatest; and’ the eccentricity of Pal- 
‘las and Juno ‘is ‘one-fourth of their mean: dis- 
‘tance, the eccentricity of Pallas being a little 
‘greater than’ that of Juno. We ‘should there- 
‘fore expect, from the theory, ‘that: Pallas: and 
Juno would be considerably smaller than Ceres 
and Vesta, and that Ceres should: be: the larger 
fragment, and should have an orbit | more 
analogous in eccentricity and inclination’ than 
that of any of the smaller fragments to the 
other planets of the system.’ In so far as*the 
diameters of the new planets’ have been méa- 
‘sured, the theory i is most strikingly confirmed 
by’ observation. © According to Dr. Herschel, 
the diameter of Ceres is 163° miles, while that 
of Pallas is ‘only 80. ©The: observations: ‘of 
Schroeter make Juno considerably less than 
Ceres ; and though the diameter of Vesta has 
not been accurately ascertained, yet the inten- | 
sity of its light, and the circumstance of its be- 
ing distinctly visible to the naked eye, are strong — 
proofs that it exceeds in magnitude both Pallas 
and Juno. ‘The striking resemblance between | 
~ the two lesser fragments, Pallas and Juno, in 
their magnitudes, and in the extreme eccentri- 
city of their orbits, would lead-us to anticipate 


4 


“orbits of the other three fragments. 
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‘similar resemblances in the position of their 
nodes, in the place of their perihelia, and in the 


inclination of their orbits; while the elements 
f ¢ ueres and Vesta should exhibit similar coin- 


cidences. Now, the inclination of Ceres is 10°, 
and that of Vesta 7°; while the inclination ‘of 
Juno is 21°, and that of Pallas 34°; the’ two 
_ greater fragments having nearly the same inclin- 


ation, and keeping near the ecliptic, while the 
lesser ' fragments diverge from the original path, 


CHAP. 
XL. 
ensaepame 


and rise to a great height above the ecliptic, and — 


far above the orbits of all the other planets in 


“the system, ‘The inclination of the orbits of 
all the new planets is represented in Plate V, piate v. 


Fig. 24, where the greatest angle of divergency S# ane Fe: 


pe ag 4.’ 54/7, Tf it shall be found, from ob-” 


servation, that ‘Vesta is one of the smnaller frag. 
ments, we may then account for its position 


* with regard to Ceres, and for the small inclina- 


tion and eccentricity ‘of its orbit, by supposing 


‘the planets Ceres, Pallas, and Juno to have di- 


verged in the same plane, and nearly at right 
angles to the ecliptic, while Vesta diverged from 


‘the direction of the original planet, in a plane 


parallel with the ecliptic. This will be utder- 


rections in which the fragments Juno and Pallas 
were projected, lying in different planes OCJ, 


“OCP; and OV, the direction in which Veda 


was projected in a plane OCV, nearly perpen- 


_ dicular to the plane OPC. “This opinion is 
~ strongly confirmed by the fact, that the orbit 


of Vesta is nearer to the Sun than any of the 


In the position of the nodes, we perceive the 
same coincidence. The orbits of Pallas and 


“stood from Fig. 25, where OC is the path OF Fig, 95, 
the greater fragment Ceres; OJ, OP, ‘the di- 
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CHAP. Juno cut the ecliptic. in the same, -point, and the 


Fig. 26. 


Fig. 27. 


» between theory and observation in the eccentri- | 


nodes of Ceres and Vesta are not far distant. 
This will be distinctly seen in Fig. 26, where 
the two smaller fragments still keep together, 
and the two larger ones are not very remote. 

If all the fragments of the original planet 
had, after, the explosion, been attracted to the 
larger fragment, it is obvious that they would 
all move in the same orbit, and consequently 


have the same perihelion, _ if the fragments re- 


‘ceived a slight degree of divergency f ‘om the 
explosive force, and moved in separate orbits, 
the points of their. -perihelion. would not coin- 
cide, and their separation would increase with 
the divergency of the fragments. But, since 
all the fragments partook of the motion of the 
primitive planet, the angle of divergency. could 
never be.very great; and therefore we should 
expect that all the perihelia of the new planets. 
would be in the same quarter. of the Heavens. 
‘This theoretical deduction is most wonderfully 
confirmed by observation. It will appear from 
Fig. 27, where we have projected the perihelia 
of the four new planets, that all the perihelia 
are in the same semicircle, and all the aphelia 
in the opposite semicircle ; the perihelia of the 
two larger fragments, ‘Ceres and Vesta, being 
near each other, as might haye been.expected, 
while there is the same proximity between the 
-perihelia of the lesser fAgmEn Gs Pallas and 
Juno, 


| A ROSE Ena h resemblances in. the motions. ; 
of the greater fragments, and in those of the 


lesser fragments, and the striking: coincidences _ 


city of their orbits, .in their inclination to the 
ecliptic, i in the position of their Rodese and. in 
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the places of their perihelia, are phenomena cyHap. 
which could not possibly result from chance, » *!- 
and which concur to prove, with an evidence 
amounting almost to demonstration, that the 
four new planets have diverged from one com- 
mon node, and have therefore composed a single 
planet. — 1 Fa: incon “as 
Let us now proceed to consider the other on the 
phenomena which might be supposed to accom-2rsin of 
B ar bys Carian ee Bs psp ‘ eteoric 
pany this great convulsion. When the cohe- stones. 
Mon yf the planet was overcome by the action — 
of the explosive force, a number of little frag- 
ments, detached along with the greater masses, 
would, on account of their smallness, be pro- 
jected with very great velocity ; and being thrown 
beyond the attraction of the larger fragments, 
might fall towards the Earth when Mars hap- 
pened to be in the remote part of his orbit. 
The central parts of the original planet being 
kept in a state of high compression by the su- 
perincumbent weight, and this compressing force 
being removed by the destruction of the body, 
a number of lesser fragments might be detach- 
éd from the larger masses, by a force similar to 
the first. These fragments will evidently be 
‘thrown off with the greatest velocity, and will 
always be separated from those parts. which 
formed the central portions of the primitive 
planet. The detached fragments, therefore, 
which are projected beyond the attraction of 
the larger masses, must always’ have been torn 
. from the ‘central parts of the original body ; and 
_ it is capable of demonstration, that the superfi- 
_ cial or stratified parts of the planet could never 
_ ‘Be projected from the fragments which they ac- 
company. sh % 


When the portions which are thus detached | 


494 Origin of the. Four New Planets. 


CHAP. arrive within the sphere of the Earth’s. attracs. 
— tion, they may reyolve round that body at. dif. 
ferent distances, and may fall upon its surface, 
in consequence of a diminution of their centri-. 
fugal force; or, being struck by the electric 
fluid, they may be precipitated on the Earth, 
and exhibit all those phenomena which usually. 
accompany the descent of meteoric stones. Hence 
we perceive the reason why the fall of these. 
bodies is sometimes attended with explosions, 
and sometimes not ; and why they generally fall 
obliquely, and sometimes horizontally, a direc- 
tion which they never could assume, if they de. 
scended from a state of, rest in the atmosphere, 
or had been projected from volcanoes on the 
surface of the Earth. 

If we compare the specific. gravity of me- 
teoric stones with the density of the new pla- 
nets, we shall obtain another argument in sup- 
port of the theory. It appears, from the obser- 
vations of Dr. Muskelyne on the attraction of 
Shehallien, and particularly from the experi- 
ments of Mr. Cavendish on the attraction. of 
leaden balls, that the density of the Earth in- 
creases towards its centre; and therefore the 
density of the central parts must exceed the aver- 
age density of the whole globe, _ This diminu- 
tion of ‘density no doubt arises from the weight 
of the superincumbent mass; and hence we are 
fully entitled to conclude, that the density of 
the central parts of every other planet is greater 
than the average density of the body. Asitis 
demonstrable, therefore, that the fragments of 
the large planet, which are supposed to be me- 
teoric stones, must have been detached from the 

vr central parts of the primitive planet, the specific 
gravity of meteoric stones ought to exceed the 
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average density.of the planet. According to CHAP. 
the observations of Mr. Playfair, the density of _*" 
Shehallien is only 2.7, while that of the Earth ~~ ~«. 
is 4.8; so that the density of the central parts 
of our globe cannot be less than 7 or 8, in or- 
der to make up the mean density. Now, the 
density of the new planets, estimated from their 
position in the system, by the method of La 
Grange, is nearly 2; and, reasoning from ana- 
logy, and following the proportion already stat- 
ed in the case of the Earth, we should expect 
that the average density of meteoric stones 
should be about 3.2, which happens to be the 
exact specific gravity of the greatest number of 
these bodies. This coincidence is truly surpris- 
ing; and, when taken in connection with the 
evidence arising from the form and position of 
the orbits of the new planets, gives -a probabi- 
lity to the theory which no other hypotheses can 
claim. ‘Those who maintain that meteoric stones 
have fallen from the Moon, or have been pro- 
duced in our own atmosphere, have adopted 
these hypotheses because they had no other to 
choose. To suppose that dense bodies, contain- 
ing a great proportion of iron, are generated in 
the air, is an assumption repugnant to every 
principle of science; and to maintain that they 
are projected by lunar volcanoes, when no such 
volcanoes are proved to exist, and when a force 
of projection would be requisite, which has ne- 
ver been exhibited in any volcanic eruption on 
our Earth, is one of those wanton hypotheses 
_ which is neither suggested by facts, nor founded 
4 ~ onanalogy. Astronomers have indeed perceiv- 
ed some faint gleams of light in the obscure 
¥ btw : ahd « ip & 
. part of the lunar disc ; but this is no proof that 
» these radiations are the flames of a volcano. 


* 
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cuap. The aeronaut, who is hovering above’ our own 


XI. 


globe, might, with equal Justice, imagine that 
he was soaring above burning mountains, when 
he saw merely an accidental‘ fire, or was con- 
templating tracts of heath that were occasionally 
blazing upon its surface. 

We shall now conclude this ansgias by en- 


_ deavouring to answer a very plausible objection 


which may be urged against the- preceding the- 
ory. If meteoric stones are the fragments of a 
planet, why are they all of the same kind? If 
our own Earth were to be burst in pieces, we 
should find among its fragments stones of every 
description. ‘This objection is founded on the 
supposition that the Earth is everywhere strati- 
fied, and that there exists at: its centre the same 
diversity of minerals which occur at its surface. 
This opinion is purely hypothetical. We have 
scarcely penetrated beyond the surface of the 
globe, and we have every reason to believe that 
the stratification is completely superficial. The 
density of the internal mass is known to be ex- 
tremely great, and the magnetism of the Earth; 
demonstrates that this mass must be either iron- - 
stone or melted metals, which have the magne- 
tic virtue. Now, if we suppose the Earth to be 
burst in pieces by some internal force, it is de- 
monstrable that the smaller fragments that would 
be projected beyond its sphere of attraction must 
come from the central parts, and that none of the 
superficial or stratified parts would be detached | 
from the fragment to which they belong. The 
only way in which we can conceive the superficial 
parts of the planets to be affected, is by the 


_ shock given to the fragment on which they rest. 


But this shock cannot possibly produce a velo- 
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city greater than the velocity of the fragment cHap. 
itself; and since the. fragment is supposed by _*% 
the hypothesis to continue -in an orbit not far 
from the orbit of the original planet, its super- 
ficial parts must also remain in the same region 

of the Heavens. The portions of our globe, con- 
sequently, that would be thrown beyond the reach 

of its attraction, would be the dense parts to- 
wards its centre, which, in all probability, would 

be either iron-stone, or melted metals that had 

the magnetic virtue. Reasoning from analogy, 
therefore, we should draw the same conclusion 
respecting the imaginary planet between Mars 

and Jupiter; and it is a very singular circum- } 
stance, that meteoric stones contain a great pro- 
portion of iron, that they are endowed with the 
magnetic virtue, and that the large meteoric 
stones which have been found in Siberia and in 
South America are masses of melted iron. 

It would not be difficult to anticipate a number 
of objections which might be urged against the 
preceding theory ; but, however formidable these 
may be, we ought to remember, that such dif- 
ficulties do not belong to the hypothesis itself, 
‘but arise from our ignorance of the changes in- 
agments during their passage 
1’s atmosphere; and that they 
~ belong equally to every hypothesis that has yet 

deen suggested. It is not fair, therefore, to de- 
mand from one theory an explanation of diffi- 
- culties which belong to all. It is sufficient to 
give a plausible explanation of the phenomena, 
_and to combine, under a general principle, the 
scattered facts that cannot otherwise be gene- 
ralised, consistently with the established laws — 
nal analogies of nature, 
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Vou, I. P: 16, line 13, from bottom of note, for 51 geographical miles, 
read 22 English miles. 
P. 126, note, line 10, from bottom, for know pss read 
know so much, 
P. 180, note, for common, read common purposes. 
P. 368, delete the H. M. S. at the head of each column. 
Vo. ij. P. 31, margin, for Plate XJ, read Plate 1X. 
P. 148, for the equatorial and polar diameters of abit read 
his “equatorial and polar diameters. 
P. 168, line 9, for Jupiter, read Saturn. 
P. 152, for note z, read note a, and for notea, read note s. 
_P. 167, for seconds, read minutes. 
“Pp. 313, insert in the margin, Plate IV, Sup. Fig.9. 
P. 316, line 25, fort, read u; and line 35, for u read ¢, and 
for t, read %. 
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